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LETTER  OF  TRANSMITTAL 


Department  op  the  Interior, 
XJntted  States  Geqi^ogical  Survey, 

Washington^  7).  C,  Janvary  1,  1888. 
Sir  :  This  bulletin,  like  its  predecessors — Nos.  9,  27,  and  42— repre- 
sents some  of  the  more  important  work  done  in  the  Division  of  Chem- 
istry and  Physics  daring  one  fiscal  year.  It  does  not  by  any  means 
csover  all  the  work  completed  in  the  laboratories,  bnt  only  those  por- 
tions which  were  considered  far  enough  advanced  for  publication. 
Several  other  researches  are  very  nearly  finished,  and  will  duly  appear 
either  as  independent  bulletins  or  in  the  next  annual  bulletin  of  the 
division. 

In  one  investigation  we  are  indebted  to  Mr.  U.  S.  Washington,  of 
New  Haven,  for  his  kind  co-operation.  His  name  appears  with  Dr. 
Hillebrand's,  as  joint  author  of  a  paper  herewith  presented. 

F.  W.  Clarke, 
Chief  Chemist, 
Hon.  J.  W.  Powell, 

Director  U.  aS.  Geological  iSurvey. 
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WORK  DONE  IN  THE  DIVISION  OF  CHEMISTRY  AND 

PHYSICS  IN  1886-87. 


STUDIES  IN  THE  MICA  GROUP. 


By  F.  W.  Clarke. 


I.  MUSCOVITE  PROM  ALEXANDER  COUNTY,  N.  C. 

This  mica  occurs  in  overlapping,  crystalline  plates,  implanted  edge- 
wise in  pockets  at  the  well-known  locality  for  emerald  and  hiddeniteat 
Stony  Point  The  plates  are  several  centimeters  in  diameter,  with 
sharply  defined  crystalhne  boundaries;  and  in  the  specimens  before  me 
they  are  associated  with  crystallized  dolomite,  pyrite,  and  rutile.  All 
of  these  minerals  are  more  or  less  dusted  over  with  a  dark-green  chlo- 
ritic  coating,  which,  together  with  some  ferruginous  staining,  gives  the 
mica  a  somewhat  bronzy  appearance.  An  analysis  made  on  carefully 
purified  material  gave  the  following  results: 

Ignition - 5.46 

SiOa 45.40 

TiOi LIO 

AliOa 33.66 

Fe,03 2.36 

MgO 1.86 

CaO none 

LiaO trace 

,            NaaO 1.41 

K3O 8.33 

F 69 

100. 27 
Less  oxygen 20 

99.98 

This,  except  for  the  presence  of  titanium,  is  the  composition  of  an 
ordinary  muscovite.  Possibly  the  titanium  may  be  due  to  minute  in- 
clusions of  rutile,  but  none  such  were  detected.  It  is  more  probably 
present  as  a  replacement  either  of  silica  or  of  alumina. 

One  of  the  smaller  plates  of  this  mica  was  examined  microscopically 
by  Mr.  J.  S.  Diller,  who  has  kindly  furnished  the  subjoined  notes: 

The  group  of  mnscovito  scales  shows  well-defined  crystallographic  outlines,  most 
prominent  among  which  are  the  clinopinacoid  and  the  unit  prism,  although  a  small 
clinodisgonal  prism  is  also  common.    Parallel  with  the  latter  there  are  ludUtmatv 
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« 

oleai7«^liR68/.wliic|i,ifi:l^e  11asali)lUq&4atkKo*4>  ^i^H'tU'  3P  iri th  the  edge  between 
thebiUter44aAe*'aQd-t^^V}finopiDaeggl«*  frWangl4*or^|i&  op  tier  axes,  measared  in  oil 
in  a  pfane  perpendicular  to  the  plane  of  symmetry,  is  35^. 

The  mnscovite  is  partially  coated  by  a  greenish  dust,  which  in  its  arrangement 
follows  crystallographic  lines,  giving  to  the  scales  a  streaked  i^pearance.  It  ap- 
pears most  abundantly  upon  the  prismatic  edges,  but  to  a  considerable  extent  also 
npon  the  clinopinacoid,  and  in  traces  on  the  clinodiagonal.  Thin  laminsB  of  dust 
occur  between  the  folicB  of  the  mnscovite,  to  which  they  impart  a  yellowish  tinge  in 
reflected  light.  This  dust  appears  to  be  weakly  doubly  refracting,  but  its  structure- 
less character  and  want  of  definite  optical  properties  render  its  determination  a  mat- 
ter of  difficulty. 

With  some  trouble  I  collected  a  little  of  this  chloritic  dost,  0.3165 
gramme  iu  all,  and  made  a  partial  analysis  of  it,  as  follows: 

Ignition 20.50 

SiOa 31.16 

AltOs 8.06 

FeaOa 35. 86=32. 28  FeO. 

MgO 5.43 

101. 01 

The  iron  is  undoubtedly  present  chiefly,  but  not  wholly,  in  the  ferrons 
state;  and  the  alumina  is  ascribable  to  traces  of  admixed  mica.  Still, 
with  all  its  defects,  the  analysis  clearly  defines  the  mineral  as  a  mem- 
ber of  the  obscure  hisingerite  group,  which  has  rarely  been  noted  in 
this  country.  Its  association  with  pyrite  is  similar  to  some  of  its  oc- 
currences abroad,  aud  here,  as  observed  elsewhere,  it  may  originate  in 
the  alteration  of  that  species.  I  hope  to  give  it  a  fuller  examination 
sometime  with  a  larger  supply  of  material.  For  the  specimens  so  far 
studied  I  am  indebted  to  the  kindness  of  Mr.  Wm.  Earl  Hidden. 

n.  LEPIDOMELANE  FROM  BALTIMORE,  MB. 

This  mineral,  the  characteristic  black  mica  of  the  Jones  Falls  peg- 
matite, was  sent  me  for  analysis  by  Dr.  G.  H.  Williams,  of  the  Johns 
Hopkins  University.  The  specimen  submitted  was  in  broad,  brilliant 
foliations,  black  by  reflected  light,  but  dark  smoky  green  by  trans- 
mitted light.  According  to  Dr.  Williams  it  is  very  nearly  uniaxial. 
In  the  following  analysis  the  direct  estimation  of  water  and  the  deter- 
mination of  ferrous  iron  were  made  by  Mr.  K.  B.  Eiggs : 

H,0 4.48 

SiOa 35.78 

Al,03 16.39 

FeaOa 14.55 

FeO 11.02 

MnO 1.08 

CaO none 

MgO 8.67 

K»0 7.76 

NaaO , 56 

TiOf ". , noDe 

100.29 
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Beckoning  the  water  with  the  alkalies,  the  analysis  gives  approxi- 
mately the  formula  R'eH"3R'''4Si5022.  The  mineral,  therefore,  is  slightly 
too  basic  for  an  ordinary  orthosilicate,  and  it  seems  to  occupy  an  inter- 
mediate position,  as  do  its  ratios,  between  annite  and  the  Litchfield 
lepidomelane. 

m.  LEPIDOMELANE  FROM  LITCHFIELD,  ME. 

In  a  previous  paper  upon  the  minerals  of  Litchfield  ^  I  gave  an  analy- 
sis of  this  mica,  together  with  some  data  as  to  its  occurrence.  It  is 
scattered  abundantly  through  the  elceolite  syenite  of  the  locality,  in 
black  brilliant  plates  or  scales,  which  are  transparent  only  in  very  thin 
laminad,  and  then  transmit  light  of  a  dark  green  color.  It  is  one  of  the 
least  transparent  micas  I  have  ever  seen.  According  to  Mr.  Diller, 
who  kindly  made  a  microscopic  examination  of  the  mineral,  it  is  so 
nearly  uniaxial,  that  a  measurement  of  its  optic  axial  angle  is  impracti- 
cable. Some  specimens  show  evidence  of  two  micas,  one  being  blacker 
and  more  brittle  than  the  other,  so  that  a  new  analysis  was  made  upon 
very  carefully  selected  material.  Only  the  more  transparent  and  elas- 
tic folise  were  chosen,  and  the  results  are  given  below : 

HiO 4.C7 

8iO« 32.35 

AI2O3 17.47 

FeaOa 24.22 

FeO 13.11 

MnO L02 

CftO r 89 

MgO DODe 

NaaO 70 

KaO 6.40 

TiOs none 


100.83 

THS  DBTKRMINATIONS  FOR  IRON    IN  THE  FERROUS  STATE  AND  FOR  WATER. 

The  ferrous  iron  and  water  determinations  were  made  by  Mr.  Biggs. 
Titanium  was  carefully  sought  for  by  two  methods  in  three  separate 
tests,  but  only  a  doubtful  trace  was  discovered.  The  formula  of  the 
mica,  reckoning  water  with  the  alkalies,  is  very  nearly  R'6R"2R'''6Si5024. 

This  mica,  on  account  of  its  low  percentage  of  silica  and  its  basic 
nature,  has  x>6culiar  interest.  Among  published  analyses  of  micas  I 
find  only  two  which  approach  it  in  these  particulars,  namely  the  micas 
from  Brevig  and  Miask,  described  by  C.  Rammelsberg.*  These  gave  re- 
spectively 32.97  and  32.49  per  cent,  of  silica,  but  they  also  contained, 
the  first  2.42  and  the  second  4.03  of  titanic  oxide.    This  constituent,  as 

» JBoU.  U.  S.  Geological  Snrvey,  No.  42,  p.  35. 
'Oeol.  Geeell.  Zeitachr.,  vol.  31,  676-691. 
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has  been  stated,  is  lacking  in  the  Litchfield  mineral.  I^otably  all  three 
of  these  low  silica  micas  are  from  localities  of  elaeolite  syenite,  although 
Kammelsberg  says  nothing  of  the  actual  associations  of  the  specimens 
discussed  by  him.  The  question  at  once  arises,  to  be  settled  by  future 
investigation,  whether  micas  of  this  peculiar  character  are  represent- 
ative of  eljBolitic  rocks,  and  whether  there  is  any  genetic  relation  be- 
tween them  and  eleolite.  I  hope  that  observations  upon  this  point 
may  soon  be  multiplied. 

Some  mouths  ago  I  published  some  analyses  of  the  Eockport  micas, 
which  were  made  by  Mr.  Biggs  in  this  laboratory.*  One  of  these,  the 
so-called  annite,  seems  to  have  a  serial  relation  with  the  analogous 
micas  from  Baltimore  and  Litchfield,  which  may  be  expressed  in  for- 
mulae.   These,  stated  in  empiiical  form, are  as  follows: 

Rookport - R'aR^R'^SiftOao 

Baltimore R^3R'^,R%8i60M 

Litchfield R'eR^R^SiftO,* 

Here  we  have  B'  and  silicon  constant,  while  a  gain  of  W'tOz  corre- 
sponds in  each  step  to  a  loss  of  one  atom  of  B'^  If  now  we  assume 
that  W2O1  represents  really  two  of  the  recognized  univalent  groups 
— A1=0,  we  shall  find  that  all  three  of  the  mica«,  reduce  to  the  true 
orthosilicate  type,  containing  the  nucleus  B'"2(Si04)5,  which  appears  to  be 
characteristic  of  many  iron  micas  and  of  the  phlogopite  group.  We 
thus  have,  uniting  all  the  monoxide  bases,  the  following  general  for- 
mula) : 

Rookport R'HR"'s(SiO^)6 

Baltimore R'i2fA10),R'"s(8i04)ft 

Litchfield R'io(A10)4R%(Si04)6 

in  short,  the  three  micas  are  built  upon  the  same  fundamental  plan, 
and  exhibit  a  new  and  highly  suggestive  order  of  variation. 

IV-  IRON-BIOTITE  FROM  AUBURN,  ME. 

Among  the  minerals  occurring  at  the  well-known  lepidolite  locality  at 
Auburn  a  brilliant  black  biotite  is  common.  Some  time  since,  in  look- 
ing over  a  collection  of  the  Auburn  material  in  the  possession  of  Mr. 
N.  H.  Perry,  of  South  Paris,  I  observed  that  certain  broad  folia)  of  this 
mica  were  bordered  by  a  grayish  distinct  margin,  about  5"°  wide,  which 
was  made  up  of  micaceous  scales.  Inasmuch  as  the  lepidolite  of  the 
locality  forms  similar  borders  upon  the  mnscovite,  I  thought  that  this 
bordering  might  have  interest,  and  Itfr.  Perry  kindly  placed  his  best 
specimen  at  my  disposal.  Analyses  of  both  the  biotite  and  the  margin 
were  made,  but  unfortunately  the  amount  of  the  latter  available  was 
too  small  for  couiplete  investigation.  In  the  study  of  the  border,  there- 
fore, ferrous  iron  and  water  had  to  be  neglected,  and  that  analysis  is 


*  3uU.  U.  S.  Geological  Suyyey,  No,  42,  p.  22, 
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SO  far  iDcomplete.    The  results  are  given  below,  with  determinations  of 
water  and  ferrous  iron  in  the  biotite  made  by  Mr.  Biggs : 


« 

Biotite. 

Margin. 

H«0 

4.64  :     nndet. 

8iO«  .--- 

34. 67 

30.09 

2.42 

16.14 

.a5 

56.44 
16.01 

I     15. 91 
undet. 

AlaOa 

FeaOn 

FeO 

MnO 

MirO 

1.98  !            .97 

"*©^-'  ••••  •-»•  ••«• 
CaO 

none 
1.67 
7.55 

.28 

none. 
1.92 
6.15 
.71 

NaaO 

KaO 

F 

Less  oxygen 

100.29 
.12 

100.17 

Upon  microscopic  examination  by  Mr.  Diller  the  mica  was  found  to 
be  "almost  completely  uniaxial,  for  when  it  was  rotated  between  crossed 
nicols  the  displacement  of  the  black  cross  was  scarcely  perceptible.'^ 
He  also  found  that  the  same  mica,  with  a  slight  change  of  color  from 
brown  to  greenish  brown,  continued  into  the  border,  where  it  was  inti- 
mately mingled  with  grains  and  fibers  of  quartz.  The  latter  admixture 
accounts  in  part  for  the  high  i>ercentage  of  silica  in  the  margin,  although 
it  seems  probable  that  there  may  be  also  some  degradation  from  the 
original  orthosilie^ate  toward  a  metasilicate  type.  At  all  events  the 
specimens  are  in  nowise  analogous  to  those  which  show  lepidolite  bor* 
ders  upon  muscovite. 

In  its  ratios  this  Auburn  mica  is  not  simple.  Approximately,  reduc- 
ing all  monoxides  to  the  univalent  type,  its  formula  may  be  written 
'R'i,(A10)3Al2(Si04)5;  with  R'„  =  H4K2Fe,;jj.  It  seems  to  be  a  compound 
intermediate  between  the  Litchfield  and  Baltimore  micas,  with  E'^' 
nearly  all  aluminum.  « 

V.  IRON-MICA  FROM   THE   VICINITY   OF   PIKE'S   PEAK. 

This  specimen,  which  was  kindly  given  me  by  Mr.  O.  8.  Bement,  was 
a  section  from  a  large  prismatic  crystal  in  his  collection.  It  was  a 
bronzy  black  mica,  resembling  phlogopite  externally,  but  remarkably 
altered  at  the  center.  The  entire  core  of  the  crystal  was  made  up  of  a 
soft,  rotten  material,  evidently  derived  from  the  original  mica,  and  sur- 
rounded by  a  broad  black  margin  of  the  latter.  Streaks  of  rusty  alter- 
ation products  reached  into  the  margin  in  every  direction,  so  that  no 
Bull.  65 2 
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absolutely  unchauged  material  could  be  obtained  for  analysis.  Ace 
ing  to  Mr.  Diller,  the  angle  of  the  optic  axes  is  too  small  for  mea$ 
ment. 

Analyses  were  made  of  both  margin  and  center^  the  former  bein 
little  altered,  the  latter  a«  much  altered,  as  could  b^  selected. 

Again  I  am  indebted  to  Mr.  Biggs  for  determinations  of  water 
ferrous  iron : 


Margin.            Center. 

4.54     Ignition    7.82 
34. 21                      34. 63 
16.53                     17.  HR 

H20 

SiOa 

A1503 

FeaOa 

20.15 

14.17 

.91 

.48 

1.34 

1.43 

6.50 

.08 



31.25 

3.01 

.34 

.81 

1.08 

.89 

1.96 

.54 

FeO 

MnO 

CaO 

MffO 

"*o'^  -...-.  ..  ...... 

NaaO 

KaO 

F 

LessO 

100.34 
.03 

100.28 
.23 

100.31  i                  100.05 

t 
1 

These  figures  show  the  order  of  alteration  so  well,  that  comment  i 
them  is  unnecessary.  The  original  mica  probably  was  very  near  Le^ 
siderophyllite,  but  it  is  hardly  worth  while  to  discuss  the  ratios. 


THE  ANALYSIS  aUd  COMPOSITION  OP  TOURMALINE. 


Bt  E.  B.  Bigos. 


Apart  from  the  work  by  Baramelsberg^  very  little  has  been  done 

towards  solving  the  question  .of  the  composition  and  constitation  of 

tonrmaline.    Its  apparent  complexity  and  the  difQculties  attending  the 

determination  of  certain  constituents  have  doubtless  turned  many  aside, 

possibly  also  the  impression  that  with  Rammelsberg's  investigations  the 

matter  was  settled.    While  Eammelsberg^s  work  was  comprehensive, 

and  was  possibly  good  for  the  times,  his  analyses  are  so  seriously 

&alty  in  certain  important  respects  as  to  justify  a  new  investigation. 

Though  the  direct  estimation  of  both  water  and  boric  acid  would  seem 

to  be  of  the  highest  importance  before  any  satisfactory  conclusions 

could  be  reached  with  reference  to  the  constitution  of  tourm^iline,  we 

find  that,  having  failed  in  one  single  attempt  to  determine  the  water 

directly,  he  takes  the  loss  on  ignition,  deducts  therefrom  an  amount 

equal  to  the  amount  of  silicon  tetrafluoride,  representing  the  fluorine 

found  in  the  miueral,  and  calls  the  rest  water.    He  takes  it  for  granted 

that  the  fluorine  is  driven  oli*  quantitatively.     While  this  supposition 

is  questionable,  it  is  not  the  main  ground  of  objection.    In  the  revision* 

of  his  earlier  work  Rammelsberg  conies  to  the  conclusion  that  the 

iron  contained  in  tourmaline  is  all  there  in  the  ferrous  condition,  yet 

he  wholly  ignores  the  fact  of  its  possible  oxidation  on  ignition,  esi)ecially 

an  Ignition  such  as  would  be  necessary  to  expel  the  fluorine. 

In  a  few  cases  boric  acid  was  determined  directly,  but  by  a  method 
(Stromeyer's)  which  has  ever  been  counted  as  one  of  the  most  unsatis- 
factory. In  the  majority  of  analyses  boric  acid  was  estimated  by  dift'er- 
euce.  But  if  the  results  called  water  are  incorrect  and  low,  as  they 
surely  are,  the  boric  acid  ought  to  be  correspondingly  high,  or  the 
analysis  must  be  faulty  in  other  respects. 

The  direct  estimation  of  water  being  possible,  and  £;  satisfactory 
method  for  determining  boric  acid  having  lately  been  devised  by  Dr.  F, 
A.  Goooh,^  new  tourmaline  analyses  seemed  desirable. 

'  Pogg.  Ann.,  vol.  80,  p.  449 ;  vol.  81,  I  p. ;  vol.  139,  pp.  379,  547. 

«Pogg.  Ann.,  vol.  139,  p.  379. 

>  Boll.  U.  S.  Geological  Survey,  No.  4'.^,  pp.  64-72. 
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(4)  Convinced,  by  tho  summations  of  some  of  the  analyses  and  by 
comparing  the  loss  on  ignition  witk  the  corresponding  direct  water  de- 
terminations, that  the  iron  in  tourmaline  must  be  there,  in  large  part  at 
least,  in  the  ferrous  condition,  I  finally  heated  the  mineral  with  hydro- 
fluoric and  sulphuric  acids  in  the  closed  platinum  crucible  over  the  di- 
rect flame,  thus  digesting  at  a  moderately  high  temperature  and  a  cor- 
respondingly  high  pressure,  and  at  the  same  time  securing  a  constant 
agitation  of  the  powdered  mineral.  In  4)hese  determinations  a  thin  lead 
washer  rei)laced  the  rubber.  Half  an  hour  with  these  conditions  usually 
sufficed  to  eftect  complete  decomposition.  The  crucible  was  cooled  in 
an  atmosphere  of  carbon  dioxide  and  the  iron  was  determined  in  the 
usual  way  with  a  potassium  x)ermanganate  solution.  Fair  results  were 
obtained,  such  as  to  indicate  that  the  iron  in  tourmaline  is  there  chiefly 
in  the  ferrous  condition ;  the  conclusion  which  Rammelsberg  reached 
as  the  result  of  Mitscherlich's  experiments^,  conflrmed  by  a  few  deter- 
minations  of  his  own. 

Alkalies. — Several  vain  attempts  were  made  to  decompose  the  tour- 
maline with  hydrofluoric  and  sulphuric  acids.  As  showing  the  refract- 
ory nature  of  the  mineral,  the  following  is  a  case  in  point:  One  gramme 
of  the  pale  green  Auburn  variety,  after  being  ignited,  was  evaporated 
to  dryness  with  about  20^^'^  of  hydrofluoric  acid  flve  times  and  left  an 
insoluble  residue  of  0.473  gramme.  The  Lawrence  Smith  method  was 
finally  adopted,  and  with  highly  satisfactory  results.  The  only  pre- 
cautions necessary  are  that  the  mineral  be  finely  powdered,  and  that 
the  mixture  with  ammonium  chloride  and  calcium  carbonate  be  inti- 
mate, which  latter  condition  is  only  to  be  secured  by  grinding  the 
several  ingredients  together.  When  these  conditions  are  all  that  they 
should  be,  there  is  no  trouble  in  bringing  about  complete  decomposi- 
tion in  the  course  of  an  hour's  gentle  ignition.  After  the  alkalies  have 
been  leached  out  with  water,  the  residue  should  of  course  be  treated 
with  acid  to  test  the  completeness  of  the  disintegration.  In  the  case  of 
the  tourmalines,  with  their  low  silica  percentages,  the  solution  is  usually 
complete  if  the  decomposition  has  been  perfect.  After  the  alkalies 
have  been  freed  from  the  other  bases  by  the  usual  well-known  methods, 
although  the  greater  part  of  the  boric  acid  will  have  been  driven  off  by 
the  repeated  evaporations,  more  or  less  of  it  remains.  This  residual 
amount  is  removed  by  two  or^  three  evaporations  with  methyl  alco- 
hol. The  separation  of  lithia  from  the  other  alkalies  was  made  by  the 
Gooch  method,^  by  boiling  the  mixed  chlorides  in  amy!  alcohol,  and 
further  separations  were  eft'ected  in  the  usual  way. 

Silica. — On  the  strength  of  the  belief  that  tourmaline  sometimes  con- 
tains  fluorine  in  considerable  amounts,  the  silica  was  at  first  es- 
timated by  precipitating  it  with  carbonate  of  ammonia.  Where  the 
bases  thrown  down  by  this  reagent  are  so  in  excess  of  the  silica  as 
they  are  in  tourmaline,  its  precipitation  is  fairly  easy  and  quantitative. 


'  Jour.  Prakt.  Cbemie,  vol.  8(],  p.  I.  -Bull.  U.  S.  Geol.  Survey,  No.  42. 
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Nevertheless,  where  this  method  was  used,  of  duplicate  determinatioDS 
the  higher  is  taken  iu  the  sammation.  Save  where  the  silica  is  greatly 
in  excess  of  the  bases  thrown  down  by  ammonium  carbonate,  the  addi- 
tion of  zinc  compounds,  as  is  commonly  recommended,  is  wholly  un- 
necessary. In  fact,  even  in  dealing  with  such  minerals  as  the 
lepidolites,  which  contain  abont  50  per  cent,  of  silica  and  only  30  per 
oent.  of  alamin^,  the  addition  of  zinc  compounds  gives  no  better  results 
than  are  obtained  by  simple  evaporation  with  carbonate  of  ammonia, 
the  evax>oration  being  repeated  several  times. 

As  soon  as  it  became  evident  that  the  amount  of  fluorine,  if  present 
at  all,  was  so  small  that  its  influence  in  carrying  off  siljca  could  be 
neglected,  the  ordinary  method  of  separation  was  employed.  In  all 
cases  silica  was  corrected  by  evaporation  with  hydrofluoric  acid. 

Alumina. — ^The  only  point  worthy  of  mention  in  this  connection  is  the 
necessity  of  testing  the  alumina  for  the  silica  which  it  frequently  con- 
tains. This  is  usually  done  by  fusing  the  ignited  product  with  potas- 
sium bisulphate.  Where  it  amounts  to  as  much  as  it  does  in  tourmaline, 
generally  exceeding  four-tenths  gramme,  a  carbonate  of  soda  fusion 
works  more  satisfactorily ;  it  can  be  continued  longer  and  at  a  higher 
temperature.  This  fusion  is  readily  converted  into  a  sulphate  fusion, 
and  the  desired  separation  is  thus  accomplished.  Several  fusions  are 
sometimes  necessary  to  bring  the  bases  into  solution.  As  regards  other 
determinations  nothing  in  particular  need  be  said. 

ANALYSES. 

Analyses  have  been  made  of  material  from  the  following  localities : 
Aubnrn,  Bnmford,  and  Paris,  Me. ;  Calhao,  province  of  Minas 
Oeraes.  Brazil;  De  Kalb,  Gouverneur,  and  Pierrepont,  N.  Y. ;  Ham- 
burgh, N.  J. ;  Orford,  N.  H. ;  Monroe  and  Haddam,  Oonn. ;  Stony  Point, 
KG.;  and  Nantic  Gulf,  Baffin  Land,  well  representing  the  variations 
in  physical  properties  and  chemical  composition  which  characterize 
the  different  varieties  of  tourmaline. 

For  the  sake  of  compactness  the  results  of  these  analyses  have  been 
grouped.  The  tourmalines  from  Maine  and  those  from  Brazil  are  thrown 
together  according  to  localities,  though,  barring  the  iron  varieties,  they 
should  be  classed  together  on  the  basis  of  their  composition,  on  which 
basis  those  firom  other  localities  are  roughly  grouped. 

Maine. — These  tourmalines  occur  in  veins  of  albitic  granite,  the  chief 
constituents  of  which  are  quartz,  albite,  and  muscovite,  with  lepidolite 
and  beryl  as  important  accessories.  At  Eumford  spodumene  is  abund- 
ant. 

Auburn, — A.  Colorless  to  very  pale  green  crystals,  some  of  wliich 
were  tinged  faintly  pink  and  blue,  infusible.  Sp.  gr.,  3.07.  B.  Li<:ht 
green,  firagile  crystals,  infusible.    0.  Dark  green,  massive  tourmaline; 
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difficulty.    D.  Massive  black  toonnaline,  easily  fusible.    Sp. 


A. 

B. 

C. 

D. 

I.        II. 

1. 

II. 

I. 

u. 

I.       II. 

1 

....    38.00    37.85 

•  •  «  • 

37.80 

36.26 

•  •  «  • 

36.18 

34.99 

....    34.87 

01 

37.73] 

36.68] 

33.96] 

I 

41.37-41.48       'i* 
3.88 

^42.37-42.54 

.15 
7.07 

^44.65-44.73 

Done 
14.23 

^49.76-49.79 

oj 

none^ 

none^ 

none^ 

e 

trace 

trace 

trace 

S 

.51 

.72 

.06 

,3 

.49 

.17 

.15 

« 

.04 

.16 

1.01 

4 

1.34 

1.05 

trace 

a 

2.16 

2.88 

2.01 

7 

.62 

<r 

.44 

.34 

6 

4.06-  4.26      4.18 

4.16-  4.20 

4.05 

4.00-  4.11 

3.62 

3.56-  3.68 

^ 

10.15-10.34    10.55 

9.94 

9.83-10.04 

9.63 

9.44-  9.82 

2 

72       .62 

•  *  « 

.       .72 

.71 

•  »  •  « 

.80 

noDC 

(3 

100.39 

100.28 

100.00 

!6 

.26 

.30 

• 

100.13 


99.98 


iterial  for  the  above  analyses  was  received  from  Mr.  N.  H. 

South  Paris,  Me. 

d,  Black  Mountain, — A.  Massive,  rose-colored,  infusible    6., 


sive,  dark  green ;  fuses  with  difficulty. 

lount  Mica. — Massive,  black,  powder  blue-black,  easily  fusible. 


A. 

B. 

Paris. 

1.        II. 

I. 

II. 

I.        II. 

38.07 

:w.02 

:M5.53 

36.42 

:«>.03 

34. 99-35. 06 

42.24 

:J8.10 

:m.44 

26 

42.44-42.64 

none 
6.43 

1.13 
12. 10 

none^ 

trace 

trace 

-35 

.:J2 

' 

.08 

f>(5 

.34 

.24 

07 

none 

i:8i 

1.59 

.95 

.07 

2.18 

2.86 

2.03 

44 

.38 

.25 

4.26 

4.25-  4.28 

3.52 

3.44- 

-  3.60 

3.69 

3.63-  3.75 

•    9.99 

9. 85-10. 13 

10. 22 

10.03-10.41 

9.02 

8. 92-  9. 12 

28 

.16 

none 

100.29 

99.81 

99.89 

1 12 

.07 

100.17 


99.74 
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For  the  Bamford  material  I  am  indebted  to  Mr.  E.  M.  Bailey,  of 
Andover,  Me.  The  Paris  tourmalines  was  kindly  furnished  me  out  of 
the  National  Museum  collection. 

In  connection  with  the  Maine  tourmalines  the  following  interesting 
alteration  products  were  studied : 

A.  An  alteration  from  the  light  green  Auburn  (B)  variety. 

B.  Flesh-colored  alteration  product  from  the  Kumford  locality. 
G.  An  alteration  from  the  Hebron  rubellite. 

A.  B.  c. 

SiOj 53.03  43.90 

AJaOs •. 31.C7  38.71 

FeaO, .51  .58 

FeO .25 

MnO trace  .04 

CaO , trace  •     .41 

MgO trace  .05 

LhO 2.86  .20            

Na^O  , 2.16  .54  1.05 

KaO 9.64  9.44  10.92 

H,0 4.80  4.25 

BaOa trace  trace  '  trace 

F trace?  none 

100. 25  100. 16 

While  the  light  green  Auburn  tourmalines  were  mostly  translucent 
crystals,  a  few  were  found  which,  having  become  jmrtially  opaque,  had 
assumed  a  micaceous  structure.  With  scant  material  only  the  above 
partial  analysis  was  possible.  The  results  indicate  a  change  in  the  di- 
rection of  lepidolite. 

The  Rumford  alteration  was  examined  microscopically  by  Mr.  J.  S. 
Diller,  who  observed  as  follows: 

Under  tbe  microscope  it  is  seen  to  be  composed  of  two  minerals  most  thoroughly 
intermingled  in  nearly  equal  proportions.  One  of  these  minerals  is  micaceous  in 
structure,  with  strong  doable  refraction  like  damourite,  which  it  closely  resenibleer 
In  general  appearance.  The  other  mineral  is  clear,  colorless,  and  apparently  mono- 
clinic,  with  a  rather  low  index  of  refraction  and  moderately  intense  double  refraction. 

While  the  Hebron  rubellite  alteration  retains  its  crystalline  form,  its 
material  is  altered  into  a  softer  mineral  of  an  opaque,  talcose  ap})ear- 
ance.  The  analysis  shows  the  change  to  be  towards  damourite,^  and  not 
towards  lepidolite  as  has  been  supposed. 

BraziL — Galhao^  province  of  Minaa  Geraes.  The  association  of  these 
tourmalines  I  was  unable  to  find  out.  From  their  composition,  how- 
ever, it  is  probable  that  it  does  not  differ  greatly  from  that  of  the  Maine 
vaiieties.    The  specimensa  nalyzed  were  supplied  by  Mr.  G.  F.  Kunz. 

A.  The  pink,  almost  colorless,  center  of  crystals  having  a  green 
border,  infusible.    Sp.  gr.,  3.028. 

fi.  Pale  green,  like  the  border  of  A,  infusible. 

C.  Olive  green,  fusible  in  very  thin  splinters. 

»f .  W.  Clarke,  U.  S.  Geological  Survey,  Bulletin  No.  4.>,  p.  lo. 
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'  D.  Black,  in  splinters  a  smoky  bine  green,  fases  easily.    Sp.  gr.,  3.20. 


A. 


■>   /• 


B. 


C. 


■^    r" 


-/^ 


■N  r 


D. 


QiOs  •...••  •u?.  19 

AUOl .42.43 

FoiOs none 

FeO 02 

PtOft none 

MnO 79 

CaO 57 

MgO none 

Li,0 1.73 

NaaO 2.24 

K,0 23 

H«0 3.90 

BaO, 10.06 

F trace? 


1.       II. 

I.         II. 

I. 

II. 

I.       u. 

37*12  37.39 

37.31  36.91 

34.63 

34.50 

39.65'j 

42.94-43.08      '^^  > 
2.29 

38.13 

32.70 

42. 30-42. 38 

.31 
3.19 

.31 
13.69 

trace^ 

.11 

none 

1.47 

2.22 

.12 

.49 

.38 

.33 

none 

.04 

2.13 

1.71  • 

1.61 

.08 

2.42 

2.70 

2.11 

.25 

.28 

.24 

3.86-  3.93    3.63 

3.60-  3.66 

3.64 

3.49 

3.42-3.56 

9.96-10.16  10.29 

10. 10-10. 49 

9.87 

9. 85-9. 88 

9.63 

9. 55-9. 70 

.32 

41 

.14 



.17 

.06 

10 

99.66 


Lesii  oxygen. 


100.06 
.13 

99.93 


99.53 
.06 

99.47 


99. 5i 
.02 

99.50 


Bt  Kalby  St.  Lawrence  County,  N,  Y. — Colorless  to  light  brown  trans- 
lucent crystals  in  calcite,  with  quartz  and  titanic  oxide  inclusions,  easily 
fusible.    Sp.  gr.,  3.085. 

Chuvemeurj  St.  Lawrence  County,  N.  Y. — Brown,  associated  with  cal- 
cite,  easily  fusible. 

Hamburgh^  N.  J. — Large,  cinnamon  brown  crystals,  associated  with 
calcite,  quartz,  and  colorless  mica,  with  many  small,  shiny,  black  scales 
of  titanic  oxide,  easily  fusible. 


De  Ealb. 


Gouvemear. 


Hamburgh. 


I. 


II. 


SiOg 36.P8 

Al«03 28.87 

FeaOa 

FeO 52 

TiO« 12 

P9O5 nudet. 

MnO none 

CaO 3.70 

MgO 14.53 

8rO 

BaO 

hUO 

NajO.. 

K2O 

H,0 

B,03 

F 


trace 

none 

trace 

1.39 

.18 

3. 56    3. 5S-  3. 57 

10.58  10.46-10.70 

.50 


I.        II. 

37.39   37.33-37.45 

27.79 

.10 

.64 

1.19 

none 

none 

2.78 

14.09 

trace 

none 

trace 

1.72      * 

.16 

3. 83      3. 77-  3. 89 
10.73    10.63-10.83 
trace? 


35.25 

28.49 

none 

.86 

.65 

trace 

none 

5.09 

14.58 

trace 

none 

trace 

.94 

.18 

3.10 

10.  45 


I.      u. 


3. 02-3. 18 


.78 


Less  oxygen 


100.  H3 
.21 


100.  42 


100. 37 
.33 


100.  <W 


100.  04 
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For  the  De  Kalb  and  Hambargh  toarmaline  I  am  indebted  to  Mr.  6. 
F.  Kanz.  The  Gk)uverneur  material  was  firom  the  National  Museum 
collection. 

From  the  large  amount  of  titanic  oxide  found  in  the  Gouvemeur  spec- 
imen it  was  feared  that  it  might  be  there  as  an  impurity.  On  exam- 
ining a  section  microscopically  Mr.  Diller  found  it,  on  the  contrary,  to 
be  quite  free  from  inclusions  of  any  kind.  Si>ecimetis  from  qther  Gou- 
vemeur localities,  viz,  from  the  town  of  Gouvemeur  itself  and  from 
Reese's  farm,  7  miles  north  of  the  town,  were  also  found  to  contain  the 
oxide  in  large  amounts. 

Orford^  N.  E. — ^Dark  brown  crystals,  in  chloritic  schist,  easily  fusible. 

Manroej  Conn. — ^Dark  brown  crystals,  in  chloritic  schist,  easily  fusible. 

Orford.  Monroe.  ^ 

/'  -^       ■■        \     /»—    ■■      ^  ■    ^ 

I.  II.  I.      «  U. 

SiO, 36^  36.41 

Al^Oa 32.84  31.87 

Fe^Os none  none 

FeO 2.50  3.80 

TiOa.l 23  1.61 

PjOs none  trace 

MnO ^.     trace  trace 

CaO 1.35  .98 

MgO 10.35  9.47 

SrO  trace  trace 

BaO none  none 

Li«0 trace  '         none 

NaaO 2.42  2.68 

KaO 22  .21 

H,0 3. 78  3. 77- ,3. 79      3.79    3.7G-3.82 

BjOs 10. 07  9. 8G-10. 28      9.05    9.57-9.73 

F trace?  none 


100. 42 


99.87 


The  Orford  material  was  received  from  Prof.  G.  H.  Hitchcock.  The 
Monroe  specimens  came  from  -the  National  Museum  collection.  The 
schistose  gangue,  in  which  the  tourmalines  from  Orford  and  Monroe 
are  imbedded,isof  particular  interest,  and  was  studied  microscopically 
as  well  as  chemically,  in  the  hope  that  it  might  throw  light  on  the 
genetic  relations  of  magncvsian  tourmaline.  The  microscopic  work, 
which  was  of  special  importance,  was  kindly  undertaken  by  Mr.  J.  S. 
Diller. 
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Chemical  anqlyaia. 


titaentB. 

Orford. 

Honroe. 

27. 18 

33.10 
.19 

28.09 
iiDdet. 
undet. 

11.75 

43.30 
27.44 

1.96 
19. 22 

1.47 
.60 

•;45 

1  .... .... .. 

a 

100.31 

101.44 

SiO, 

AlaOg 

CaO 

MgO 

Na,0 

K.O,. 

Ignition 


While  Mr.  Diller  found  the  Orford  matrix  to  be  essentially  chlorite, 
in  agreement  with  the  results  of  chemical  analysis,  the  gangue  rock 
of  the  Monroe  tourmaline  turned  out  to  be  particularly  interesting. 

Of  this  Mr.  Diller  says : 

This  light  gray  glittering  rock  is  composed  chiefly  of  hiotite,  chlorite,  and  alight- 
colored,  mineral  which  may  possibly  he  zoisite.  The  hiotite  is  very  dark  and  appar- 
ently uniaxial  and  negative  with  all  the  other  physical  properties  of  tho  cpecies. 
The  chlorite  is  mach  paler  than  the  hiotite  and  of  a  greenish  color.  It  is  distinctly 
biaxial,  with  a  small  optic  angle  and  positive.  The  relation  of  tho  chlorite  to  the 
hiotite  is  readily  seen  in  the  thin  sections,  where  it  evidently  is  derived  from  the 
latter  by  a  process  of  alteration.  An  interesting  feature  is  that  in  the  immediate 
vicinity  of  the  imbedded  tourmaline  the  biotite  is  all  changed  to  chlorite,  and  is 
arranged  with  its  folia  approximately  perpendicular  to  the  crystallographic  planes 
of  the  tourmaline,  against  which  it  impinges.  Tho  chlorite  completely  envelops 
the  tourmaline,  and  the  other  portions  of  the  hand  specimen  are  made  up  chiefly  of 
biotite  and  tho  zoisitic  mineral  with  a  small  proportion  of  chlorite.  This  variation  in 
the  mineralogical  composition  of  the  hand  specimens  readily  explains  the  discrep- 
ancy that  at  first  appeared  to  exist  between  the  results  of  chemical  analysis  and  my 
observations. 

That  the  analysis  represents  a  portion  of  the  rock  rich  in  chlorite 
and  poor  in  biotite,  the  high  magnesia*  and  low  alkalies  plainly  show. 
The  relation  existing  between  the  biotite,  the  chlorite,  and  the  tourma- 
line in  this  Monroe  matrix  is  of  importance,  indicating,  as  suggested, 
the  transition  to  be  from  the  mica  through  the  chlorite  to  the  tourma- 
line. 

Pierreponfj  St.  Lawrence  County,  N.  Y. — Perfect  black  crystals? 
highly  modified,  associated  with  calcite ;  fuses  easily.     Sp.  gr.,  3.08. 

Naniic  Gulf,  Cumberland,  Baffin  Land. — Large  black  crystal,  easily 
fusible.    Sp.  gr.,  3.095. 

Stony  Point,  Alexander  County,  N.  C. — Perfect,  medium-sized,  black 
crystals,  from  the  hiddenite  mine,  with  implanted  crystals  of  quartz. 
The  associated  minerals  are  chiefly  quartz,  muscovite,  apatite,  rutile, 
beryl,  and  spodumene;  fuses  easily.    Sp.  gr.,  3.13. 
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JSaddanij  Conn. — Black  cryBtals  in  quartz  and  feldspar,  powder  blue 
black,  easily  fasible. 


Pierrepont. 

Nantio  Golf. 

Stony  Point 

A. 

Haddam. 

I.       II. 

I. 

u. 

I. 

u. 

I.       u. 

SiOa... 

35.61 

35.34 

35.56 

34.95 

AUO3.. 

IS.  29 

30.49 

33.38 

31.11 

FeseO,.. 

.44 

none 

none 

.50 

F»0>... 

8.19 

8.22 

8.49 

11.87 

TiO,... 

.55 

.40 

.55 

.57 

F^Os... 

trace 

none 

t 

trace 

HtiC. 

trace 

trace 

.04 

.09 

• 

CaO... 

3.31 

2.32 

.53 

,81 

»^.. 

11.07 

7.76 

5.44 

4.45 

aro.,. 

none 

trace 

none 

none 

BaO... 

T 

t 

none 

none 

Li^... 

trace 

trace 

trace 

trace 

Na,0.. 

1.51 

1.76 

■ 

2.16 

2.22 

K^... 

.20 

.15 

.24 

.24 

H:0..- 

3.34 

3.30-3. 

:{7 

3.(K) 

3.  5:J-  3. 67 

3.63 

3.57- 

3.69 

3.62 

3.58-  3.66 

BiOa  .. 

10. 15  10. 00-10. 31 

10.45 

10. 30- 

-10.60 

10.40 

9.92 

9. 74-10. 10 

F 

.27 

none 

none 

none 

99.93r 

100.49 

100. 42 

100.35 

LessO. 

4 

.11 

99.82 

Mr,  W.  E.  Hidden  very  kindly  famished  the  Stony  Point  material. 
For  the  other  specimens  I  am  a  debtor  to  the  National  Museum  collec- 
tion. The  gravity  determinations  of  the  Pierrepont,  Stony  Point,  and 
Nantic  Gulf  tourmalines  were  kindly  made  by  Dr.  William  Halleck. 

From  the  above  analyses  it  is  at  once  apparent  that  we  have  three 
types  to  deal  with,  lithia,  iron,  and  magnesian  tourmalines,  respectively, 
with  an  indefinite  number  of  intermediate  products. 

For  comijarison's  sake  1  have  tabulated  these  results,  arranging  them 
so  as  best  to  show  how  these  types  graduate  from  one  into  the  other, 
beginning  with  the  lithia  tourmaline  and  passing  thence  through  the 
iron  varieties  to  those  of  the  purest  magnesian  type.  To  render  it  a 
complete  table  of  tourmaline  analyses,  so  far  as  such  analyses  are  worth 
considering,  the  results  of  Rammelsberg's  exteuvsive  work  are  added, 
given  in  the  order  and  grouping  found  in  his  revision  of  the  subject.* 
Also  an  analysis  of  an  interei»tinir  chrome-tourmaline  from  the  Ural, 
by  A.  Cossa  and  A.  Arzruni ;-  the  only  one  of  a  small  number  of  scat- 
tering analyses  which  seemed  to  have  any  value  from  an  analytic  stand- 
point. 


>  Ramm.  Handb.  d.  Min.  Cliein.,  1875, 538-544 ;  Pogg.,  Ixxx,  449,  Ixxxi,  1, 
*  Zeit.  Kryst.  and  Min.,  vol.  7,  1. 
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Bammelsberg  couclades  that  all  tourmalines  can  be  referred  to  mix- 
lurw  of  the  following  silicate  types  r'li'eSiOs,  K^gSiOs,  and  R'^jSiOs, 
io  which  B'=H,  K,  Na,  and  Li;  ii"=Mg,  Fe,  Ca,  and  Mn,  and  K'"  = 
Al  and  B,  making  boric  acid  the  equivalent  of  alumina,  lie  groups 
tbem  io  two  classes : 

I.  Magnesian-iron  tourmaline,  represented  by  the  rather  complicated 
formala 

and 

II.  Litbia  tourmaline,  represented  by 

i    R',Si05     \  i    R"3Si05    Uhere  K'"  -  B  •  3  Al 

with  the  following  special  formulae:  R'2R"2Al4B2Si4O20  for  the  more 
purely  maguesian  varieties;  R'ioR"4Ali2B6Sii20tio  for  the  purer  iron  va- 
rieties, and  for  the  lithia  tourmaline  .R'6Ali2B48i9()45,  and  other  compli- 
cations for  those  lithia  varieties  containing  iron.  The  results  may 
warrant  these  deductions;  of  that  we  have  nothing  to  say.  The  im- 
portant question  concerns  the  chemical  constitution  of  tourmaline. 
Attention  has  already  been  called  to  the  weak  points  in  Rammelsbcrg's 
analyses;  but  for  the  sake  of  emphasis  I  refer  again  to  his  method  of 
determining  the  water  i)ercentages  and  what  depends  on  it.  He  as- 
sumes that  the  fluorine  is  driven  off  quantitatively  on  ignition,  carrying 
with  it  silicon  as  the  tetra  fluoride.  This  assumption  is  questionable.  A 
half  hour's  blasting  would  seem  to  be  sufficient  to  drive  ofl'  the  water, 
but  it  was  repeatedly  observed  that  where  the  tourmaline  contained 
fluorine,  further  blasting,  after  the  water  was  presumably  all  off,  was 
invariably  accompanied  by  a  small  loss  of  but  a  few  hundredths  per 
cent  This  after  loss  is  probably  fluorine  in  some  of  its  compounds 
with  silica,  as  experiments  ma<le  ic  clear  that  boric  acid  is  not  expelled 
by  any  amount  of  blasting.  While  making  this  correction  for  fluorine 
the  oxidation  of  the  iron  is  wholly  ignored.  With  this  in  mind  I  have 
Jfiyen  loss  on  ignition  in  connection  both  with  my  own  analyses  and 
^ith  those  by  Rammelsberg.  Comparing  this  loss  with  the  direct  de- 
terminations of  water,  at  the  same  time  noting  the  amounts  of  iron 
contained  in  the  respective  tourmaline,  one  is  forced  to  conclude  that 
the  oxidation  of  the  iron  plays  an  important  role  here  in  diminishing 
^^^  loss  on  ignition  by  the  amount  required  to  convert  it  into  ferric 
oxide.  If  we  were  to  make  the  more  justifiable  correction  for  the  oxi- 
•iation  of  the  iron,  setting  aside  the  fluorine  correction,  we  would  have 
^ore  concordant  results  to  deal  with — results,  moreover,  which  agree 
<Jlo8ely  with  the  direct  determinations  of  water — but  if  the  percentages 
^presenting  water  are  low,  those  of  boric  acid,  when  it  is  estimated  by 
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difference,  ought  to  be  correspondingly  liigh,  and  so  they  are  in  a  few 
cases.  In  the  greater  number  of  analyses,  however,  they  are  unac- 
countably low,  unless  we  suppose,  as  I  am  inclined  to  do,  that  the  silica 
determinations  run  high,  representing,  in  some  cases,  besides  the  act- 
ual silica,  more  than  1  per  cent  of  impurities.  If  all  this  be  true,  in 
working  out  his  ratios  Bammelsberg  found  in  water  and  boric  acid 
two  variables  instead  of  the  two  constants  that  they  probably  are. 

It  is  scarcely  necessary  to  say  that  certain  constituents  found  in  tour- 
malines are  not  essential,  but  have  been  thrust  upon  them  by  their 
associates.  The  idea  that  a  tourmaline  must  contain  fluorine  was  long 
ago  exploded.  Indeed,  it  had  its  birth  not  in  facts  but  in  Bammels- 
berg's  assumption  that  tourmaline  contained  no  water  and  that  the  loss 
on  ignition  was  due  wholly  to  fluorine. 

Studying  those  constituents,  which  are  the  essentials,  in  the  light  of 
their  molecular  or  atomic  ratios,  we  find  some  very  interesting  relations. 
The  ratios  of  certain  elements  arc  constants  in  all  varieties  of  tourma- 
line. Si :  B  :  H  :  O  =  1  :  J  :  §  :  5.2.  All  the  other  constituents  are  va- 
riable within  rather  indefinite  limits,  and  considered  individually  are 
confusing.  If,  however,  the  bases,  including  hydrogen,  be  reduced  to  a 
'  common  univalent  basis  and  be  consolidated,  the  results  fall  into  line 
with  the  above  ratios.  This  reduction  may  be  made  in  either  one  of 
two  ways  and  with  almost  equally  good  results.  It  will  be  noticed  that 
the  oxygen  ratio  is  invariably  in  excess  of  the  amount  necessary  to  the 
silicon  and  boron,  even  though  we  assume  both  the  SiOf  (as  we  cer- 
tainly must)  and  BO2  groups.  This  small  residual  is  to  be  disposed 
of.  It  can  be  done  by  assuming  the  presence  of  either  the  A1=0  or 
the  0=H  group.  Both  hypotheses  have  been  made  use  of  in  the  fol- 
lowing table.  E^^^  is  the  univalent  equivalent  of  the  bases  with  the 
oxygen  excess  incorporated  in  an  A1=0  group;  R^'^  the  univalent 
equivalent  of  the  bases  on  the  basis  of  an  assumed  O-H  group.  The 
table  is  given  in  full  that  the  extent  of  the  variations,  from  what  seem 
to  be  simple  ratios,  may  in  no  wise  be  concealed,  as  often  happens,  in 
giving  averages.  The  hydrogen  ratio,  though  already  included  in  R, 
is  given  by  itself,  being  one  of  the  constants.  For  much  the  same 
reiison  the  alkali  ratios  are  also  given,  although  with  them  the  values 
vary  according  to  the  type  of  the  tourmaline.  This  at  least  would 
appear  to  be  true  for  the  iron  and  lithia  varieties. 


Romford  A 1 

Bpaisil  A 1 

Auburn  A 1 

Brazil  B 1 

Auburn  B 1 

Brazil  C 1 

Rpmford  B l 

AabuniC 1        .46        4.50        4.99        5.20        .74        .28 


B     ; 

:     R(M    : 

R(») 

:      0     : 

H    : 

Alk 

.46 

4.48 

5.01 

5. 18 

.74 

.28 

.47 

4.45 

5.12 

5. 26 

.70 

.31 

.46 

4.43 

4.83 

5.10 

.72 

.28 

.47 

4.50 

4.92 

5.17 

.66 

.31 

.48 

4.48 

4.80 

5.11 

.71 

.30 

.45 

4.42 

4.93 

5. 15 

.()(> 

.32 

.48 

4.44 

4.95 

5. 20 

.64 

30 
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Si    :    B    :     RC)    :    R(«)    :     O      :      H    :    Alk 

P»ria 1  .46  4.47  5.09  5.21  .70  .12 

AoburoD 1  .48  4.50  5.01  5.21  .70  .12 

BrazilD 1  .48  4.50  5.02  5.21  .68  .13 

H»ddam 1  .50  4.51  5.00  5.24  .69  .12 

NanticGulf 1  .51  4.52  5.00  5.25  .68  .12 

Stony  Point 1  .51  4.19  5^01  5.41  .68  .10 

Piempont 1  .51  4.52  4.77  5.13  .63  .09 

Monroe 1  .46  4.43  4.89  5.12  .69  .15 

Orford 1  .48  4.48  4.99  5.20  .68  .13 

Qoaremonr 1  .50  .4.51  4.73  5.10  .68  .10 

Hamburgh 1  .51  4.50  5.08  5.30  .59  .06 

De  Kalb 1  .50  4.51  5.08  r).29  .66  .08 

1    :    .48    :    4.47    :    4.96    :    5.20    :    .67 
1   :     i      :        f      :        5      :      5i      :      | 

Except  in  two  or  three  cases  the  ratios  of  Si :  B  :  E'^^ :  O  approxi- 
iQate  closely  1 :  ^  :  f  :  5,  the  oxygen,  io  excess  of  the  amonut  exactly 

iBpresented  by  the  ratio  (5),  having  been  absorbed  iu  an  A1=0  group. 

Iliese  ratios  give  as  a  general  tourmaline  formula  the  simple  boro- 

orthosillcate  £,60,28104.  The  R^  includes  the  constant  H=R^,  (Li,  Na, 
£)  W'yiog  between  the  limits  Ej^  and  R3,  (Ca,  Mg),  varying  from  Ko  to 
Ej,  Fe  varying  from  B^  to  Bj,  and  (Al,  A1=0)  varying  from  R4  to  R^. 
On  the  other  hand  the  ratio  Si :  B  :  R''^ :  O  are  about  as  1 :  ^ :  10 :  5.20, 
which  would  givetbe  equally  simple  general  formula  Rio  BO,2Si04,wlien 
Bio  inclndes  the  above  constant  and  variables,  excepting  that  OH  re- 
places the  A1=0  group,  and  Al  aceonliugly  varies  between  the  limits 
Rj  and  Kg.  If  we  expand,  in  order  to  bring  out  the  hydroxyl  ratio,  we 
have  12Si04,  6BO„  Ri,H,(OH)3=Si  :  B  :  R  :  0=l :  J  :  5  :  5.25.  Between 
these  two  views  there  are  no  means  at  hand  of  deciding.  Could  we 
find  that  the  water  is  not  all  driven  oft'  at  the  same  temperature,  or  some- 
thing of  the  kind,  that  knowledge  would  favor  the  latter  assumption. 

Experiments  to  this  end  are  desirable ;  but  whichever  postulate  we 
make,  the  following  si>ecial  formuhe  may  be  taken  as  representing  typ- 
ical compounds  of  the  three  varieties : 
I.  Lithia  tourmaline^--12  SiO^,  3  BjO.^,  4  H,0,  8  AI2O3,  2  (NaLijgO. 

II.  Iron  tourmaline— 12  SiOz,  3  B,0:„  4  n^O,  7  AI2O:,,  4  FeO,  Na  >0. 
IIL  Magnesian  tourmaline— 12  SiO„3  B203,4  HoO,5  A1.0:„'3^MgO,  gXaaO. 

Calcnlated.  I.  II.  III. 

B-iOa 11.00  10.18  10.  UO 

SiOi 37.70  M.m  37.38 

AI2O3 4'2.7r>  34.59  20.41) 

FeO 13.95  

MgO 19.31 

Li,0 1.57  

Na^O 3.21  2.90  2.18 

* 

H,0 3.77  3.49  3.74 

100.  Oo  100.  00  100.  00 
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1  coini)aring  the  theoretical  coiuiK)8itiou  of  the  above  types  with 
results  of  analysis,  they  will  be  found  to  agr^  as  closely  as  could 
xpected,  at  least  in  the  values  of  the  constants.  The  boric  acid 
d  invariably  falls  short  of  the  theory.  This  is  to  be  expected, 
analyses  do  not  re]>resent  ideal  compounds,  absolutely  free  from 
irities,  and  the  case  would  be  very  exceptional  in  which  the  impur- 
ended  to  raise  and  not  to  lower  the  percentage  of  boric  acid, 
some  of  the  above  formulas  the  group  hO%  has  been  assumed  be- 
e  the  oxygen  ratio  demanded  it.  As  has  already  been  suggested, 
ease  with  which  the  iron  oxidizes,  and  the  mysterious  manner  in 
;h  this  change  takes  place,  under  conditions  where  we  would  sup- 
:  it  impossible,  perhaps  point  toward  a  higher  degree  of  oxidation 
L  the  more  common  B2O3.  As  the  result  of  a  slow  molecular  re- 
ugement,  the  one  is  oxidized  at  the  expense  of  the  other.  Such  a 
ige  is,  1  believe,  not  without  its  analogies.  Certain  borates,  where 
ii&sumption  of  an  even  higher  oxide  is  thought  necessary,  on  being 
ed,  give  borates  of  a  lower  order. 

otes. — The  question  of  color  is  one  of  some  consequence,  particularly 
n  the  varying  colors  of  the  lithia  tourmalines  are  concerned.  |^or, 
e  the  color  of  the  iron  and  magnesian  varieties  depends  on  the 
unt  of  iron  present,  and  ranges  from  the  colorless  De  Kalb  through 
he  shades  of  brown  to  the  Pierrepont  black,  the  lithia  tourmalines, 
aining  more  or  less  manganese,  give  us  the  reil,  green,  and  blue, 
ell  as  colorless  varieti(»s ;  the  shades  of  color  not  depending  on 
absolute  amount  of  manganese  present,  but  rather  on  the  ratios  ex- 
g  between  that  element  and  iron.  When  the  ratios  of  Mn  :  Fe  = 
we  have  the  colorless,  pinkish,  or  v<m\v  ])ale  green  tourmaline.  An 
ss  of  mangiinese  i)r()duces  the  red  varieties.  If,  on  the  other  hand, 
iron  be  in  excess,  the  result  is  the  various  shades  of  green  and  blue. 
Ml  a  section  of  tourmaline  shows  a  red  center  bordered  by  green, 
two  colors  are  usually  separated  by  a  narrow  belt  of  nearly  color- 
material,  in  which  the  iron  and  the  manganese  are  presumably  in 
librium. 

s  regards  fusibility;  the  lithia  tourmalines  which  are  free  from 
I  iron  and  magnesia  are  infusible.  The  presence  of  either  or  both 
hese  elements  brings  with  it  a  degree  of  fusibility  increasing  with 
r  increase,  till  we  find  that  the  })urest  tourmalines,  both  iron  and 
nesian,  fuse  with  great  ease. 

le  titanic  oxide  associated  with  the  Hamburgh  andDe  Kalb  tourma- 
\  attracted  special  attention  because  of  its  form.  Having  l>een  ex- 
led  chemically  it  was  kindly  studied  micros(;()]»ically  by  Mr.  J.  S. 
•r,  who  observed  as  follows : 

)  8inaU  iron  black  hciiIos  with  ft  rath<^r  brillijint  iiu'tallic  luster  are  cleavablo  into 
Miin  foliii',  the  thiiiiu'st  <>t*  wliich,  under  the  microscope,  are  perfectly  opaque. 
Iccted  light  these  laujelhe  show  three  systems  of  cleavage  x^laues,  traces  oi  which, 
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upon  the  plane  of  foliation,  intersect  at  an  angle  of  OCP.  The  cleavage  plancH  make 
tlarge  angle  with  the  plane  of  foliation^  and  it  is  evident  that  this  niiueral  is  rhombo- 
bednl  in  crystallization.  It  is  iufasible  on  very  thin  edges,  and  does  uut  become 
magnetic  when  heated.  By  this  means  it  is  distinguished  from  hematite  and  ilmenite. 
From  its  physical  properties  alone  I  should  conclude  that  it  is  a  member  of  the  ilmenite 
series  rich  in  oxide  of  titaninm.  As  analysis  shows  it  to  be  essentially  titanic  oxide, 
it  becomes  of  special  interest.  In  the  first  place  it  is  the  extreme  member  of  the 
ilmenite  series,  and  in  the  second  place  it  is  a  new  form  of  titanic  oxide,  which  is 
tboB  shown  to  be  tetramorphic. 


NOTES  ON  CERTAIN  RARE  COPPER  MINERALS  FROM  UTAH.> 


By  W.  F.  Hillebrand  ai?d  H.  S.  Washington. 


Sorae  time  siuoe  analyses  and  partial  dAscriptions  of  several  rare 
copper  minerals  from  the  American  Eagle  Mine,  Tintic  district,  Utah, 
were  published^  by  one  of  us.  These  minerals  had  been  found  by  Mr. 
ifticbard  Pearce  in  ore  shipments  from  that  mine  to  the  Boston  and 
Colorado  Smelting  Works,  near  Denver,  Colo.  Later,  in  shipments 
from  the  neighboring  Mammoth  Mine,  in  the  same  district,  Mr.  Pearce 
discovered  a  second  series  of  minerals  of  similar  character,  most  of  the 
species,  however,  being  distinct  from  those  of  the  former  occurrence. 
In  recent  papers^  he  has  given  the  results  of  his  examinations  and 
enumerated  the  following  species:  Enargite,  olivenite,  conichaloite, 
clinoclasite,  brochantite,  pharmacosiderite,  tyrolite  (t),  erinite,  chaloo- 
phyllite,  malachite,  aznrite,  and  one  or  two  others  of  doubtful  identity, 
of  most  of  which  "enargite  is  the  mother  mineral.'' 

In  order  that  this  interesting  series,  in  part  new  to  America,  might 
receive  fuller  study  than  he  was  able  to  devote  to  it,  Mr.  Pearce,  with 
the  assistance  of  Mr.  Whitman  Cross,  selected  a  set  of  specimens  for 
examination  in  the  laboratory  of  the  Geological  Survey  at  Washington. 
The  chemical  work  of  this  paper  was  there  carried  out  by  one  of  us,* 
while  the  crystallo<]^raphical  and  optical  study  was  undertaken  by  the 
other,^  at  New  Haven,  under  the  guidance  of  Prof.  E.  S.  Dana.  The 
results  of  our  work,  both  chemical  and  physical,  failed  to  meet  some  of 
the  hopes  induced  by  a  tirst  view  of  the  material  at  disposal,  although 
this  was  the  best  that  could  be  found.  They  are  of  sufficient  interest, 
however,  to  make  public,  especially  in  view  of  the  meager  state  of  our 
knowledge  regarding  a  majority  of  the  species  herein  mentioned. 

*  Head  bnft)ro  the  Colorado  Scientilic  Society  January  2, 1888,  and  i)iibli8hed  in  the 
Am.  Jouni.  Sci.,  'M  series,  vol.  S.'),  IHsH,  ]>.  298. 

•*Proc.  Colorado  Sci.  Soc,  vol  1,  p.  Jli,  and  Bull.  U.  S.  Gool.  Survey,  No.  20,  p.  83. 
3Proc.  Coloratlo  Sci  Soc,  vol.  *2,  pp.  134,  150. 
nV.  F.  Hillebrand. 

*  H.  S.  Wash iuj; ton. 
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OLIVENITK. 

This  miDeral  occurred  well  crystallized.  Its  habit  is  tabular,  parallel 
t:o  a  (100),  and  the  crystals  are,  as  usual,  very  simple,  as  shown  in  the 
6  ^ure.    The  planes  b  (010)  and  v  (101)  as  a  rule 
Te  either  absent  or  ver}^  small.    Meiusurements 
ere  made  for  the  purpose  of  obtaining  a  more 
sact  axial  ratio  than  we  have  at  present,  the  old 
alaes  of  Phillips  dating  back  to  1823. 
Upon  examination  and  measurement  with  a 
ness  horizontal  goniometer,  it  was  found  that 
A  ^(011 A  Oil)  was  the  only  angle  sufficiently 
ccurate  for  the  purpose,  a  and  m  being  a  little    fig.  i.-ciT«»tainne  form  of 
gh  and  uneven.    The  angle  mentioned  fur-  oiivenite. 

Kvished  a  good  value  for  c,  but  to. obtain  tbe  v^lue  for  d  use  had  to  be 
Txiade  of  a  specimen  of  oiivenite  from  the  American  £agle  Mine.^    This 
oiivenite  was  acicular  in  habit,  the  prism  m  (110)  predominating.    From 
t.bese  crystals  good  measurements  were  obtained  of  wt  a  W"  (110  a  llO), 
and  a  satisfactory  axial  ratio  was  deduced.    The  measured  angles  are 
as  follows: 

CA^,     Oil  A  on  =070  51' 

w  A  W",     1  10  a  110  =  860  26' 

From  these  angles  we  obtain  the  following  axial  ratio: 

tt  :  5  :  c  =  0.93961  :  1  :  0.672606 

The  measurements  above  differ  <»ousiderably  from  the  fundamental 
angles  of  Phillips,  which  are 

CA^,    Oil  A  Oil  =090  10' 
and 

m  A  W",     110  A  110  =  870  30', 

giving  the  axial  ratio 

<r :  5  :  c  =  0.9573  :  1 :  0.6894. 

Measurements  were  made  with  the  view  of  determining  whether  the 
species  is  really  orthorhombic  or  not.  The  following  are  the  angles 
obtained : 

aj\e,    IOOaOII  =8(;0  4',     (1^0,    IOOaOII  =89o  59' 
aj\S,    IOOaOII  =  89o  9',    d/\e,    IOOaOII  =  90o     1' 

It  is  seen  that  the  front  angles  are  in  each  case  a  trifle  less  than  the 
rear  angles;  but  not  much  reliance  can  be  placed  on  these  results,  ow- 
ing to  the  poor  surface  of  both  at  (100)  and  a  (TOO). 

*  No.  5684  in  tin:  Yale  collectum. 
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Under  the  microscope  the  tabalar  crystals  showed  parallel  eztinction 
aud  a  slight  pleochroism,  the  vibrations  ||  c  being  pale  olive  green,  while 
those  II 5  were  of  a  brownish  yellow,  with  the  absorption  6>c. 

The  mineral  was  not  analyzed,  becaase  of  the  small  quantity  availa- 
ble, and  because  its  identity  was  otherwise  clearly  established. 

EBINITE* 

Erinite  occurs  as  a  dark  green  crystalline  lining  of  cavities,  associated 
with  and  generally  upon  enargite,  azurite,  barite,  or  clinoolasite.  Crys- 
tals of  olivenitc  are  frequently  scattered  over  its  surface^  which  shows 
often  a  somewhat  satiny  sheen  due  to  minute  crystal  facets.  Hardness 
4.5,  sp.  gr.  undetermined.  Because  of  its  intimate  association  with 
azurite  and  olivenite  it  was  very  difficult  to  obtain  pure  material  for 
analysis.  Sample  I  contained  3.90  per  cent,  of  insoluble  matter,  not 
included  in  the  analysis.  Sample  II  was  composed  of  a  small  lot  of 
vitreous  crasts,  the  only  ones  of  the  kind  observed,  which  had  been 
collected  before  shipment  of  the  specimens,  and  were  thought  to  be 
erinite  by  Mr.  Pearce,  whose  partial  analyses  of  material  similar  to 
sample  I  are  added  for  comparison  under  III. 

I. 


CaO 57.67* 

ZnO l.CK) 

CaO 0.32 

MgO trace 

AsiOj 33.53 

PiOfi 0.10 

H2O 7.22 

Fe.Os 0.14 

SO3 


II. 

III. 

t 

tnd. 

Pe*ro6. 

57.51 

56.*56 

57.43 

0.59 

0.51 

0.43 

trace 

31.91 

32.07 

32.54 

9. 15 

6.86 

7.67 

0.20 

0.85 
trace. 

100.04    99.87    96.77    97.  (>4 

Analyses  I  and  II,  and  i^resumably  those  o^  Pearce,  show  the  com- 
position of  air-dried  powder.  Sample  I  lost  0.67  i)er  cent.  H2O  over 
sulphuric  acid  and  a  total  of  0.78  per  cent,  at  100c>  C.  At  280^  O.  the 
total  loss  was  1.14  per  cent.,  leaving  6.08  per  cent,  firmly  combined. 
Sample  II  lost  2.06  per  cent,  over  sulphuric  acid  and  a  total  of  3.22  per 
cent,  at  280^  C,  leaving  5.93  per  cent,  firmly  combined.  The  molecular 
ratios,  including  all  the  water,  are : 

CnO  (CaO.ZnO).    AsjOftCPaOs).  IhO. 


1 5.08  :  1.00 

II 5.34  :  1.00 

III  (mean) 5.13  :  1.00 


2.74 
3.66 
2.87 


If  the  weakly  combined  water  be  excluded  from  both  I  and  II,  the 
ratio  is  brought  considerably/ nearer  to  that  derived  from  Turner's  ai>- 


'  Mean  of  57.61  ami  57.74. 
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proximative  analysis/  i.  e.,  5  : 1 :  2.    It  is  aucertain  whether  Turuer's 
sample  was  air-dried  or  heated  to  lOQo  O. 

Tybolite  (f ). 

Re^rarding  the  identity  of  this  species  some  donbt  exists,  as  the  ana- 
lytical results  obtained  db  not  agree  with  those  given  by  von  Kobell  ^ 
a«id  Ghnrch.'    In  general  appearance  it  seems  to  resemble  tyrolite.    It 
occurs  in  thin  scales  on  quartz,  but  more  often  in  radiating  scaly 
masses,  somewhat  like  the  pyrophyllite  from  Graves  Mountain,  Georgia. 
Xt  has  a  bright  apple-green  color,  sometimes  with  a  tinge  of  blue;  a 
somewhat  pearly  luster;  a  hardness  of  2.5  (1.5  to  2  for  tyrolite  in  the 
text  books),  and  perfect  cleavage.    Under  the  microscope  it  showed 
little  or  no  pleochroism,  and  extinction  parallel  and  pcr[)endicular  to 
the  radial  line.    In  convergent  light  the  cleavage  flake  showed  the 
ordinary  biaxial  figure  with  the  dispersion  f)>v.    Its  double  refraction 
IB  negative,  the  acute  bisectrix  being  perpendicular  to  the  cleavage  face 
and  coinciding  with  the  crystallograpbic  c.    The  obtuse  bisectrix  lies 
parallel  to  the  radial  direction  of  the  crystal,  but  whether  it  corre- 
Bponds  with  d  ov'b  can  not  be  determined.    It  was  unfortunate  that  a 
crystallograpbic  investigation  was  impossible,  as  our  knowledge  of 
tyrolite  in  this  respect  is  of  the  most  meager  description. 

On  heating  it  flies  into  flue  fragments,  which  by  gentle  tapping  of 
the  tube  collect  into  spongy  masses.  The  mineral  melts  in  the  flame  of 
a  Bunsen  burner.  The  sp.  gr.  of  sample  I  (containing  2.25  per  cent,  of 
insoluble  gangue)  was  3.27  at  20^^  C.  From  sample  II,  which  was  the 
purest  and  best  crystallized  to  be  found,  1.25  per  cent,  of  gangue  has 
been  deducted. 


I. 


n. 


HillebraDd. 


IIL 
Poaroe. 


^t^ 


CnO 45.20 

ZnO 

CaO 6.86 

MgO 0.05 

AsgOft 28.84 

PjOs trace 

H2O 17.26 


h 
45.23 
0.04 
6.aj 


28.73 


(t) 


98.21 


Mean. 

45.22 

0.04 

6.84 

0.05 

28.78 

trace 

17.26 

(t: 

98.19 


46.38 

trace 

6.69 

0.04. 

26.22 

trace 

17.  .')7 

2.27 


42.60 
0. 97  (FeaOa,  AUO3) 
9.10 


27.87 


16.23 
2.45 


99.17 


99.22 


8O3  was  unfortunately  not  tested  for  in  I.    It  may,  however,  reason- 
ably be  assumed  to  be  present  in  about  the  same  amount  as  in  II,  and 

1  EdinU.  Journ.  Sci.,  vol.  9, 1628,  p.  95,  and  Phil.  Mag.,  vol.  4, 1828,  p.  154. 

■  Pogg.  Anu.,  vol.  18,  p.  253. 

'Joum.  Chem.  S<»c.,2d  series,  vol.  11,  p.  108. 


2.07 

14.96 

1.85 

14.96 

1.98 

13.84 
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if  it  be  considered  to  be  present  as  gypsani  (GaSOi,  2EtO)  the  follow- 
ing niolecular  ratios  are  obtained : 

CuO(CaO).    AsaOft.       HgO. 

1 5.00    :    0.94    :    6.80,  or  11    ; 

n 5.00    :    0.84    :    6.81,  or  11    ; 

III 5.00    :    0.90    :    6.*29,  or  11    : 

• 

It  appears  herefrom  that  the  As^Os  is  somewhat  less  and  the  H20  mach 
less  than  required  to  satisfy  the  formula  5CuOy  AssOs,  OHfO,  derived 
from  von  KobelPs  (1.  c.)  analysis,  on  the  supposition  that  the  GaCO}  found 
by  him,  and  later  by  FrenzeP  and  church  (1.  c),  is  not  an  ess£utial 
cons;itnent  of  tyrolite. 

It  is  improbable  that  more  than  a  very  small  quantity  of  chalcopbyl- 
lite,  if  any,  was  mixed  with  the  material  analyzed  under  I  and  11,  although 
both  appeared  on  some  of  the  specimens  marked  tyrolite  received  from 
Mr.  Pearce,  and  are  not  always  easily  distinguished.  In  any  mixture  of 
tyrolite  and  chalcophyllite  the  water  found  must  exceed  its  percentage 
in  the  former  mineral.  This  is  here  not  the  case,  whence  it  is  to  be  in- 
ferred either  that  the  present  mineral  is  not  tyrolite  or  that  the  older 
analyses  do  not  represent  its  true  composition. 

A  large  portion  of  the  water  is  very  loosely  combined.  Of  that  in 
analysis  1, 4.G9  per  cent,  escaped  at  100^  C,  the  most  of  it  over  sulphuric 
acid ;  and  in  analysis  II,  4.15  per  cent,  was  removed  by  sulphuric  acid, 
and,  further,  0.91  per  cent,  escaped  at  lOO^  C,  making  a  total  of  5.0Gper 
cent.  Tliese  amounts,  subtracted  from  the  total  percentage  found,  leave 
12.57  and  12.51  percent.,  respectively,  or  about  five  molecules  (assuming 
five  molecules  CuO(CaO)).  At  280^  C.  the  loss  on  sample  II  was  10.34 
per  cent.,  in  which  is  presumably  included  the  water  of  the  gypsum  sup- 
posed to  be  present,  leaving  three  molecules  firmly  combined. 

Church  (1.  c.)  likewise  noticed  a  great  loss  of  water  in  vacuo  and  at 
'  10()o  C.,  but  assumed  that  it  was  hyproscopic  water  included  between 
the  plates  of  the  mineral.  The  second  of  his  analyses,  with  data  for  cal- 
culating the  centesimal  composition,  is  as  follows: 

Substance 0.4585  '   CuO 50.06 

IliOiuvaciio 0.0*24    |   A»:Oft 29.29 

H.OatlOO^ 0.011     I   H,0 [8.73] 


CaCOa 0.0505 

CuO 0.212 

Mg,r,07  0.205 


CaCOa 11.92 


100.00 


Whence  he  deduces  the  formula  5CuO,  A82O5, 4H2O.  Assuming  that 
Mg2P207  is  an  error  for  MgiAsgO?,  or  for  AS2S3,  in  which  latter  form  it 
appears  that  arsenic  was  usually  estimated  by  him  in  minerals  of  a  simi- 
lar character,  it  is  impossible  to  deduce  the  above  given  percentage  for 
Aa-iOs.  But  considering  the  latter  correct,  and  including  the  water  lost 
in  vacuo  and  at  1(H)^,  the  composition  is: 


'  Naumanii-Zii'kel,  Elem«uUe  der  MiDcralogie,  p.  540. 
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CnO 46.84 

A^iOs 27.05 

H,0 , 15»W 

CaCOa 11.01 


100.00 


which  furnishes  the  molecular  ratio  CaO :  AR3O5 :  H3O  as  5«00 : 1.01 :  7.43; 
not  greatly  differing  from  those  derived  from  aualyses  I  and  U,  above. 

CHALCOPHYIXITB. 

This  iliineral  occnrs  in  the  form  of  small  hexagonal  plates  arranged 
in  rosettes,  diflfering  from  the  radial  arrangement  of  the  supposed  tyro- 
lite.  It  showed  the  same  bright  apple-green  color,  pearly  Inster,  and 
perfect  basal  cleavage.  An  optical  examination  showed  it  to  be  nni- 
axialy  with  negative  double  refraction. 

These  crystals  showed  several  planes  replacing  the  edges,  and  meas- 
orements  were  made  of  them  as  far  as  |)osHil)]e.  The  angles  did  not 
agree  very  closely,  owing  to  the  imperfection  of  all  the  surfaces,  but 
they  were  sufficiently  exact  to  prove  the  presence  of  r  (lOll,  R),  e 
(0112,  -}  B),  and  two  other  rhombohedrons  new  to  the  species,  having 
the  symbols  w  (1016,-iR)  and  d  (0lT3,-i^  R). 

The  figure  shows  the  habit  of  the  crystals; 
but  with  d  absent^  this  plane  being  only  ob- 
aervetl  in  one  instance.  The  very  rough  angles 
obtained  are  given  below: 


Calculated. 
71^  16' 
26°  10'  20" 
55"  51'  10" 
440  30'  30'' 


Fio.  2— OryatolHne   form   of 
obaloophyHite. 


OUaerved. 
cAr,   000lAl0fl=7F27' 
OAir,  0001 A  0010  =  2(10  10' 
OA  e,  0001 A  0ll2  =-  5(P  r>r 
OAd,  0001a01I3  =  4P50' 

The  above  angles  are  the  means  of  several  measurements,  which  vary 
among  themselves  from  one  to  three  degrees.  The  fair  agreement  in 
the  first  two  results  therefore  is  merely  accidental,  and  no  value  can  be 
attached  to  these  measurements,  which  are  inserted  because  the  meaa- 
aiements  of  this  species  are  exti^mely  few. 

The  mineral  was  not  analyzed,  for  want  of  sufficient  material.  On 
heating  it  decrepitated  as  violently  as  the  last-mentioned  mineral,  and 
in  the  flame  of  the  burner  fused,  though  not  with  the  same  readiness. 

CLINOCLASITE. 

The  clinoclasite  occurs  in  two  distinct  habits — one  distinctly  crystal- 
lized and  the  other  in  barrel-shai)ed  or  globular 
forms.  It  is  of  a  dark  blu- 
ish green  color,  almost 
black  by  rotiected  light, 
bright  green  by  trans- 
mitted li^Hit.  Streak  and 
])owdr.*r  bluish  green.  Sp. 
gr.  at  190  C  i.38  (4.30  Pearce).    iJaiduess,  2.5  to  ?u 


f\o.  U.—CrystaniDe  form  of 
clinocloAite. 


Fig.  4. — Crystalline  form  of 
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At  first  sight  these  crystals  seemed  to  be  very  promising  and  likdy 
to  afford  good  measiireuients  for  the  species.    Bat  on  farther  examiBft- 
-tion  the^  did  not  come  ap  to  oar  expectations,  c  (001)  and  8  (302)  being 
the  only  two  faces  giving  even  fairly  good  measnrements.    m  (110), 
r  (101),  t  (111),  and  I?  (Tl3),  the  other  planes  observed,  were  all  dull  OT 
rounded,  and  only  capable  of  giving  angles  accurate  enough  to  iden- 
tify the  forms.    Of  the  planes  above,  t  and  ji  are  new  to  the  specie^- 
Most  of  the  crystals  were  apparently  made  up  of  two  or  more  indi- 
viduals in  nearly  parallel  position,  but  inclined  slightly  in  the  zone  c/8^- 

•  A  measurement  in  one  case  gave  the  angl 

fC!!^^         *      .— ^K     ^^  ^^''  ^^^^  ^^  ^^  ^®  "^^  ^^*®  result  of  twinningj': 

L[      }  — r-*-— ~ ('^H  I     ^^^®  angle  of  course  is  not  constant,  and  onl; 

\^ '         l^>     shows  the  very  slight  inclination  of  the  indi 

Fio. 6.--cry»uiiine  form  of      vidual  Crystals.    A  consequence  of  this  metb 

ciinuciaaite.  of  growth  will  bc  dcscribcd  later.. 

The  crystals  were  all  simple,  the  form  in  Fig.  3,  or  a  combination  oi 
that  with  r  being  the  most  usual.    Occasionally  the  lower  half  of  m  19- 
replaced  by  f,  as  shown  in  Fig.  4,  giving  the  angle  13^  20'  (calculated 
13°  17')  for  m/\t.    The  new  plane  j>  (Tl3)  was  observed  in  several  crys* 
tals  and  is  shown  in  Fig.  5. 
The  following  anglCiS  were  obtained  for  it: 


Observed. 

Calcnlated. 

CAP,    00lATl:^^0^^  6' 

61°  W  30" 

/»A|),     30-2All3=r)0o  14' 

510  19'  10" 

j>Ay,  113aII3_81Jo 

85°  4ri' 

The  angles  are  merely  approximate,  but  sufficient  to  establish  the 
form.  The  crystals  are  for  the  most  i)art  elongated  in  the  direction  of 
the  h  axis,  with  a  length  of  from  2  to  3  millimeters,  and  show  easy 
cleavage  parallel  to  c. 

The  other  type  of  clinoclasite  is  interesting  as  showing  the  conse- 
quence of  the  nearly  parallel  growth  of  the  crystals  mentioned  above. 
In  some  of  the  specimens  the  crystals  are  grouped  about  the  h  axis,  with 
0  exposed.  They  are  inclined  a  trifle  in  the  zone  c/h  and  also  in  the 
zone  a/h^  thus  rounding  off  the  group  in  two  directions,  but  decidedly 
more  in  the  latter  zone,  forming,  with  the  elongation  in  the  direction  of 
6,  distinctly  barrel -shaped  forms.  Occasionally  the  curvature  in  the 
zone  clh  is  carried  still  further,  producing  globular  forms.  In  all  cases 
c  forms  the  outer  surface  and  the  crystals  are  closely  crowded  together, 
producing  a  bright  and  coarsely  rough  surface. 

The  material  analyzed  consisted  of  the  globular  masses  mentioned 
above,  and  was  prol)al>ly  not  as  i)ure  as  the  crystals  and  barrel-shaped 
forms.  A  trifling  amount  of  insoluble  matter  (0.05  pi»r  cent.)  has  been 
deducted.  For  compaiison,  Mr.  Pearce's  partial  analyses  are  also 
quoted. 
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I.  II.  Theoretical 

Hillebrand.  Peame.  compoftitioD. 

a                   b  Mean.  a             b 

CnO 62.34  62.54  62.44           61.68  61.22       62.65 

ZqO 0.06  0.04  0.05 

AaA 29.59  29.60  29.59                         29.36    28.85                 30.25 

PA 0.05  0,0b*  0.05 

H,0 7.73  7.72  7.72                            7.31      7.27                   7.10 

FeA 0.12  0.12  0.12 

8iO, 0.06  0.06*  0.06 

99.95        100.13  100.03  98.35    97.34  100.00 

"  Afltiumed  the  Rame  as  in  a. 

These  results  reveal  uothing  worthy  of  remark,  except  that  the  water, 
ii8  iu  most  earlier  analyseH,  in  found  uniformly  higher  than  that  required 
by  the  formula  6CuO,  A82O5,  3H,(),  or  Ou^  [As04f+3Cu  [OHf. 

MIXITE  (t)  . 

On  some  specimens  of  ore,  but  apparently  not  in  close  association 
with  the  other  minerals  mentioned,  was  a  mineral  occurring  in  delicate 
tufts  of  silky  needles  of  a  whitish  to  pale  greeniwsh  color,  as  described 
by  Mr.  Pearce.* 

It  was  impossible  to  procure  enough  of  the  needles  free  from  an  un- 
derlyiug  non-crystallized  greenish  coating  of  cavities  for  a  satisfactory 
analysis.  A  good  deal  df  the  latter  was  necessarily  included  in  the 
sample  tested,  but  qualitative  tests  showed  that  both  needles  and  cojit 
iugs contained  the  same  constituents.  It  is  hardly  to  be  doubted  iliiit 
both  have  the  same  centesimal  composition. 

I.  II. 

HillebraDtl.  Poarre. 

a  b  Meau. 

CuO 43.S9  n.88  43.H9            50.50 

ZnO 2.79  2.62  2.70 

CaO 0.26  0.26  0.26             3.19 

Bi>03 11.14  11.22  11.18 

Ah^Os 27.7H  28.79  28.79t          27.50 

PiO.s 0.06  .    U.06 

H2O 11.04  11.04  11.04            12.55 

SiOi 0.36  0.48  0.42 

FoiOs 0.97  0.97 

98. 29  99. 31  93. 74 

t  The  higher  value  was  UDdoiibtedly  nearer  the  truth  than  the  lower. 

That  an  error  as  to  the  CuO  occurs  in  Pearce's  analysis  is  beyond 
question.  The  above  results  agree  fairly  well  with  Schrauf's  analysis 
of  mixite,*  which  contained  43.21  CuO,  13.07  BizOs,  30.45  AS2O5,  and 
11.07  H2O,  besides  a  little  CaO  and  FeO;  but  the  form  of  this  mineral 
was  given  by  Schrauf  differs  from  that  of  the  present  one,  and  its  colors 
given  as  emerald  to  bluish  green.    Schrauf's  number  for  the  specific 

»Proc.  Colorado  Sci.  Soc,  vol.  2,  i».  151,  under  the  title  "New  Mineral." 
•Zeit.  f.  KrjTBt.,  vol  4,  p.  '277, 
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gravity  (2^)  is  nnqQestinnably  mnch  too  low.    That  of  the  matoiial 
now  ai>al>zei1  was  :>.70  at  2''JJ°  6.    Wheu  treated  n-itb  dilate  uitric  acid 
it  becomes  at  once  covered  with  the  briliiaiit  wbite  coating  of  bismath 
ar«euiate,  so  cimracteristic  of  mixite.    The  iatter  tnfneral  is  statt-d  to 
belong  to  the  inoiiocliulc  or  tbo  trictiuic  system,  wbile  the  observations 
of  Mr.  Wliitmau  Cress  would  indicate  that  the  present  one  eao  belong 
to  neither  of  tliose  systems.     He  says:'  "The  needles  are  very  slendec* 
with  a  lenfrth  of  more  thiin  1"""  in  some  cases,  by  a  thickness  of  le^^ 
than  0.05"",    They  are  di'cply  striated  vertically,  and  the  crystal  syi^ 
t«ni  could  not  be  determined,  although  the  extinction  in  polarized  ligl»-  "^ 
makes  reference  to  the  tetragonal;  the  hexagonal,  or  the  rhombic  sy»^- 
tem  necessary.    The  index  of  refraction  is  high.    PleocbroiBnt  disttnct^^ 
the  colors  observed  being  for  the  thicker  crystals,  a  (and  b)  sea  greeiL.  s 
e  sky  blue." 

PHABMACOSIDERITE. 

For  want  of  sufiBcient  material  uo  analyses  were  made. 

BBOCHAKTITE. 


.,^S^_^^  This  hydrous  sulphate  of  copper  occurs  in  two  distinct 

\y/|  types  in  the  specimens  e-xamiued.    The  first,  or  ordinary 

brochiuitite,  is  of  a  prismatic  habit,  as  is  shown  in  Fig.  6. 
The  ciystals  are  dnrk  green  and  transparent,  but  do  not 
give^ood  mc'.isurementH,  owing  to  the  impert'ection  of  the 
surface.    The  cleavage  parallel  to  b  (010)  is  perfect.    The 
measured  angle  of  wi  a  ''  (110  A(H0)=5Io  46'  is  only  ap- 
Fio: s— Crjuiai-     jni>ximatc,  and   difters  considerably  from  Miller,   who 
b™iiln'i"ic,°'^      gives  52°  5',  and  Seliranf,  who  gives  52°. 
The  second  type  is  like  Warini;tonite  from  Cornwall,  described  by 
Maskelyne.'     This  variety  was  suNpeeted    by 
Mr.  Pearce  (loc.  cit.,  )>.  135).     It  is  of  a  li^li 
green  ecilt)r.  and  ^an  a  curved  dtmble-wedgt 
shaped  habit.    The  forms  observed  are  show 
in  Figs.  7  and  8.    The  ery^stals  were  poor  for       ^'''' '■'iT^h'^m;'/™"' 
mea^juring,  all  the  planes,  with  the  exemption 

of  b,  being  curved  to  a  great  degree.  The  crystals  were  none  of  them 
more  than  two  or  three  millimeters  long,  with  the 
relative  proportions  of  the  figures.  They  were 
irn|>Ianted  by  6.  i«,  in  Fig.  S,  was  identiliedwith 
certainty;  the  angle  for  }>/\in  being  5'2°  iipprox- 
iniately.  The  plane  lettered  i  was  very  ninoh 
curved  in  iill  Ciises,  iuid  its  symbol,  conse^iuently, 
is  not  known  wilh  exiietness.     It  cornw ponds  in 


.g^■^ 


er>  roughly,  it  is  tine,  to  the/.-,  12.1.  4 


I  1'n.i:.  Colorwi'i  Sci,  J^iiP. 
»Chew.Xi.ws,  vol.  1(1,  p.  2 


3.  lr>l<-l,  uml  riiil.  Mil);;.. 
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of  Schraaf,  some  of  the  angles  obtained  from  these  crystals  and  the 
oomsspondiug  ones  of  Schrauf's  Waringtonite  being  given  here: 

Waahiagton.  Sohmaf. 

b  f,k,  010        A  12.1.4  =  800-820  86o  43' 

iHAfc,  110        a121-4  =  45o  430  IV 
h  A  *',    12.1.4  a  12.1.4=750-800 

In  most  of  the  crystals  of  this  type  b  was  nndnlating  parallel  to  c 
WftDt  of  material  forbade  an  analysis  of  this  mineral,  but  blow-pipe 

tests  Hud  the  orystallographio  examination  establish  its  identity  beyond 

doabt. 


HINERAL.OGICAL  NOTES.' 


By  W.  F.  HlLLBBBAND. 


Althongh  tlte  resalts  of  analyeis  of  tlie  berein-meiitioned  i 
nosupportfid  as  they  are,  witli  one  exception,  by  any  crystallograptaioe^'' 
dence,  lead  to  complete  identification  of  the  species  ouly  in  oiie  case,  tho^ 
are  deemed  of  sufBciunt  importaace  to  place  on  record,  together  wit^ 
8ucb  iiiformatiou  regardint;  their  physical  properties  as  conld  be  gatlv- 
ered  from  the  material  at  baud,  which  was  in  some  cases  rather  scant^"^ 

A  few  years  ago  in  granitic  debris  on  DeriPa  flead  Moantain  -^ 
Donglas  Coouly,  Colo.,  in  the  Pike's  Peak  region,  Mr.  W.  B.  Smitl^ 
found  a  nnmber  of  minerals  which  appeared  worthy  of  ezaminatitHii^ 
Two  of  these,  allanite  and  gadoliuito,  have  already  been  analyzed  bjT' 
Mr.  L.  G.  Eakius.'  The  following  aiialyses,  I-YI,  represent  the  com— 
]>OHition  of  the  otliers,  of  which  all  but  Ko.  Ill  were  made  JD  the  labors 
tory  of  the  U.  S.  Geological  Survey,  in  Denver,  over  two  years  ago. 

1.  SA.UABSKITE  T  . 

The  mineral  first  to  be  mentioned  occurred  iu  fragments  of  all  sizes 
op  to  that  of  a  chestnut,  without  auy  evidence  of  crystal  form  except 
on  a  small  portion  of  ouo  piece,  where  a  structure  resembling  that  showa 
ia  Fig.  9  was  apparent.  The  color  was  pitch  black,  with  brilliant  vit^ 
reous  luster,  but  pale  brown  in  thin  splinters ;  streak 
dirtj  brown  The  pieces  were  very  brittle,  and 
when  heated  flew  into  fine,  sharp  fragments.  Fract- 
ure subconchoidal.  These  characteristics  agree  very 
closLli  with  those  given  by  J.  Lawrence  Smith' 
for  the  puiest  North  Caroliua  samarskite,  but  the 
density  is  much  greater,  being  C,t8  at  22'^  C.  for  I, 
Fia  8  — sauiwikii* (t)  *^  Nnght  be  txpectcd  from  the  i>ercentag6of  TaiO», 
which  IS  ituich  higher  than  that  as  yet  found  in  any 
recognized  simarskite  Hardness, 5.5  to  6,  Slight  sotubilityin  HOI 
was  shown  on  piolonged  boihng,  uid  a  somewhat  greater  in  HgSO^. 
Before  the  blow-ptpoa  splinter  became  dull,  but  did  not  fuse.  Analysis 
I  shows  the  composition. 

A  single  piece  of  but  a  few  grammes  weight,  while  in  its  general  be- 
havior and  appearance  resembling  those  just  described,  presented  two 
points  of  difi'crence.    The  streak  was  salmon  colored,  and  the  rather 
thin  piece  was  bounded  oti  two  opi)o«ed  sides  by  fliit  surfaces,  which 
'  Kcad  in  part  bt-forc  tlio  t'lilorwlo  Sciootifiu  Sociely,  Muruh  u,  Ifirifl. 
'Proo.  Colorado  Sci.  Sue,  vol.  2,  |>.  :!8. 

•Am.  Jour.  Sfi.,  M  iwrieH,  vol.  lit,  1ST7,  p.  ;tr.9 ;  Anu.  Cbiui.,  voL  lU,  W77,  p,  253; 
Oiiginat  Bewsurcbes  in  Mineralogy  and  CbeuiiHtiy,  p.  19T. 
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might  possibly  be  the  result  of  cleavage.  These  observed  differences 
led  to  analysis  II.  The  density  at  25^  G.  was  6.12,  and  the  hardness  5.5. 
As  the  analysis  reveals  a  remarkable  agreement  in  composition  with 
the  first-described  specimens,  there  is  no  reason  to  suspect  the  presence 
of  distinct  species. 

Analysis  III  gives  the  composition  of  the  specimen  shown  in  Fig.  9, 
which  it  was  thought  might  be  an  altered  state  of  the  above-described 
mineral.  It  was  evidently  in  an  advanced  stage  of  alteration,  being 
very  easily  broken,  and  so  much  stained  (brown)  that  scarcely  any  evi- 
dence of  its  original  color  and  luster  could  be  observed,  though  what 
little  of  these  features  remained  indicated  agreement  with  those  above 
mentioned.  As  some  water  escai)ed  at  100^  G.,  and  still  more  for  each 
farther  slight  increase  in  temi>erature,  air-dried  material  was  taken  for 
the  analysis.  This  shows  in  most  respects  so  close  an  agreement  with 
land  II,  that  the  assumption  of  original  identity  with  the  brilliant  black 
mineral  does  not  seem  far-fetched.  The  chief  differences  lie  in  the  much 
lower  percentage  of  Ta^Os  in  III,  and  the  presence  of  UOs  instead  of  UOs. 
The  density  at  16o  G.  was  5.45. 


Analyses  of  samarskite. 


Ta,0» 

CbiOs 

WO3 

SnOa 

ZrOa 

UO3 

ThOa 

C63O3  .--.-. 
(Di,  La)a03.. 

ErjOs 

Y,0, 

Fe^Oa 

FeO 

MnO 

ZnO 

PbO 

CaO 

MgO 

K,0. 

(Na,  Li)iO.. 

HaO 

Fl 


I. 


27.03 
27.77 
2.25 
0.  95 
*2. 29 
4.02 
3.64 

0.54 
1.80 
1 10. 71 
16.41 
8.77 
0.32 
0.78 
0.05 
0.72 
0.27 


II. 


0.17 
0.24 
1.58 
f 

100. 31 


28.11 

26. 16 
2.08 
1.09 

•2.60 
4.22 
3.60 
0.49 
2.12 
1 10. 70 

t5.96 
8.72 
0.35 
0.75 
0.07 
0.80 
0.33 


III. 


0.13 
0.17 
1.30 
f 


99. 75 


19.34 
27. 56 

5.51      . 

0.82 

3. 10  (with  TiOa) 

6.20(UO3) 

3.19 

0.41 

1.44 
t9.82 
t5.64 

8.90 

0. 39  (or  0.74  UOi) 

^0.77 


1.07 
1.61 
0.11 

0. 3(i 

3.94 
t 


100.18 


'Probably  con taiuing  soDieTiOg. 

t  Calculated  from  the  molecular  weight  of  the  mixed  oxides  of  this  group  on  the 
unsupported  assumption  that  only  ErjOs  and  Ya03  were  present.    The  molecular 
weight  in  the  case  of  I  was  304,0;  in  th&t  of  11^  307.7. 
Ball.  5S 4 
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The  method  of  apualysis  followed  was,  with  certaiu  modiflcatious,  that 
devised  by  J.  Lawrence  Smith.^  Two  instead  of  five  grammes  of  mate- 
rial were  taken  for  greater  convenience  in  manipulation. 

A  few  remarks  in  regard  to  certain  points  in  the  coarse  of  analjtttt 
may  prove  of  service  to  those  having  similar  analyses  to  make.    By  the 
method  of  Smith  the  constituents  of  the  mineral  are  divided  at  ono<e 
into  two  portions,  those  soluble  in  HFl  and  those  insoluble.    The  form^^ 
portion  includes  Ta,  Cb,  Sn,  W,  U  (if  present  as  UO,),  Fe,*  Ti,  Zr 
part,  Zn,  Mn,  Mg,  K,  and  Na,  while  the  latter  contains  tiie  earths  of  tk  « 
cerium  and  yttrium  groups,  Th,  17  (if  present  as  CTOj),  part  of  the  IP 
when  other  earths  are  present,  a  small  part  of  the  F^  and  the  Pb  an^ 
Ga. 

It  was  found,  after  converting  the  insoluble  fluorides  into  sulphates* 
and  dissolving  in  water,  that  a  white  insoluble  residue  remained,  whioh^^  - 
according  to  Smith  in  the  case  of  isamarskite,  should  be  ObsOs  am 
Ta205-    Neither  of  these  could  be  found  in  it,  however,  the  whole  bein{ 
lead  sulphate.    After  filtering,  the  remainder  of  the  lead  was  throwi 
down  by  H2S.    The  uranium  then  having  been  oxidized  by  nitric  add,  ^^ 
the  earths  (except  ZrOa  ^nd  some  CaO)  were  thrown  down  by  oxalic^i^ 
acid  (not  ammonium  oxalate)  in  excess.    The  use  of  oxalic  acid  was 
rendered  necessary  by  the  observed  solubility  of  the  earths  of  the 
yttrium  group  in  ammonium  oxalate.    These  when  freed  from  bases  of 
the  cerium  group  were  not  precipitated  by  this  reagent,  or,  more  prop- 
erly, the  precipitate  at  first  formed  dissolved  completely  in  excess  of  the 
precipitant  on  very  gentle  warming  and  was  not  again  precipitated  on 
cooling.    This  behavior  indicates  the  presence  of  erbium  in  quantity, 
which  may  influence  the  yttrium  present,  for  the  latter  by  itself  is  stated 
to  be  only  partially  soluble  in  concentrated  boiling  ammonium  oxalate 
and  to  be  again  thrown  out  on  cooling.    It  should  be  remarked,  how- 
ever, that  the  solubility  above  mentioned  was  very  much  greater  than 
when  to  a  hot  solution  of  erbium  and  yttrium  sulphates,^  prepared 
according  to  the  data  furnished  by  the  above  analyses,  ammonium  oxa- 
late was  added  in  excess. 

The  filtrate  from  the  insoluble  fluorides  was  evaporated  to  dryness, 
dissolved  in  water  and  a  few  drops  of  HFl,  and  the  tin  was  thrown 
down  by  H2S,  as  done  by  Marignac*  The  filtrate  was  then  evaporated 
with  large  excess  of  H2SO4,  heatc^d  till  all  HFl  was  certainly  removed; 

^Ain.  Chem.  Jonro.,  vol.  5,  pp.  44,  73;  Chem.  News,  vol.  48,  pp.  13,  21);  Oriji^inal 
Besearches  in  MiDoralogy  and  Cbemistr}^  p.  350. 

-  Treatment  with  UFl  at  once  reveals  whether  the  iron  is  present  as  admixed 
hematite  or  limouite  (as  in  analysis  III,  whore  it  remained  suspended  in  tlie  liquid  in 
an  extremely  fine  state  of  division),  or  is  chemically  combined  with  the  acids  of  the 
mineral.  In  the  first  case  it  resists  the  solvent  action  of  HFl  for  some  time  after  the 
tautalates  and  columbates  are  thoroughly  decomposed. 

3  From  T.  Schuchhardt.  Though  marked  ch^m,  pure,  it  is  not  at  all  probable  that 
they  were  so. 

«Auu.  Ch.  Phys.,  4th  series,  vol.  13,  p.  5. 
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then,  withoat  driving  off  the  excess  of  112804,  diluted  and  boiled  (stir- 
ring constantly  to  prevent  bumping)  in  a  very  large  platinum  dish  for 
ten  or  fifteen  minutes.  The  precipitate  collected  on  a  filter  was  then 
dissolved  in  HFl^  the  filtrate  evaporated  with  excess  of  II3SO4  and 
treated  in  every  way  as  above  described  till  aft-er  the  third  precii)ita- 
tion  by  boiling.  The  combined  filtrates  were  then  evaporated,  most  of 
the  HsS04  was  driven  off,  the  residue  taken  up  with  water  and  boiled 
for  some  time.  The  remainder  of  the  metallic  acids,  except  some  Ti02 
if  present,^  is  now  entirely  precipitated,  but  to  free  altogether  from  ZrO^, 
Fe203,  and  from  most  of  the  Ti02  the  precipitate  was  again  dissolved 
lu  IIFI9  the  filtrate  was  evaporated  with  H2SO4,  the  excess  of  the  latter 
partly  driven  off,  and  the  acids  were  again  thrown  down  by  boiling. 

This  process  is  somewhat  tedious,  but  seemed  to  possess  the  advan- 
tage of  entirely  separating  Ta,  Cb,  and  W  from  Fe  and  Zr  and  in  great 
measure  from  Ti,  unless  the  latter  is  present  in  quantity.  The  point  to 
be  observed  is  that  the  first  precipitations  shall  be  made  in  strongly 
acid  solutions,  the  latter  in  solutions  l^ss  strong.  The  procedure  of 
Smith — driving  off  nearly  all  II2SO4  at  first  and  then  boiling  with 
HCl — is  objectionable;  the  metallic  acids  become  strongly  caked  during 
removal  of  the  H2SO4  and  retain  much  iron,  which  no  amount  of  boiling 
with  HCl  can  remove.  The  further  treatment  of  the  combined  filtrates 
requires  no  special  mention. 

For  the  separation  of  WO3  the  ignited  and  weighed  oxides  were 
fosed  with  Na2C03  and  S  and  separated  as  recommended  by  Rose.  The 
method,  however,  leaves  much  to  be  desired,  for  a  considerable  quantity 
of  the  B2O5  acids  goes  into  solution  with  the  W.  Cb^Os,  and  Ta205  were 
separated  by  Marignac's  method. 

FeO  was  estimateil  by  titration  with  KMn04  after  solution  of  the 
very  finely  powdered  mineral  in  H2SO4  by  heating  for  two  or  three 
days  in  sealed  tubes,  a  blank  experiment  being  made  with  II2SO4  alone 
in  another  tube.  The  excess  of  KMn04  above  that  re(iuired  for  the 
conversion  of  all  uranium  (when  assumed  present  as  UO2)  to  UOa  was 
considered  to  be  equivalent  to  the  FoO.  The  accuracy  of  the  deter- 
mination is  of  course  not  affected  by  the  fact  that  uranous  salts  reduce 
ferric  salts  in  solution. 

Fluorine  could  not  be  found  quantitatively,  but  from  the  slightly  acid 
reaction  of  the  water  evolved  on  heating  the  minenil,  its  presence  is  ren- 
dered probable. 

From  the  two  first  analyses  it  is  impossible  to  identify  the  mineral 
with  any  known  species  beyond  doubt,  although  it  appears  to  be  more 
nearly  allied  to  samarskite  than  to  any  other.  The  presence  of  the  iron 
as  Fe203  distinguishes  it  from  most  other  tantalates  and  eolumbates 
containing  much  iron.  That  the  greater  part  of  the  iron  exists  in  the 
ferric  condition  is  certain,  for  if  the  uranium  existed  Jis  UO;,  instead  of 
n02,  as  assumed,  the  amount  of  KMn04  required  to  oxidize  4.02  per 
cent  of  UO2  (anal.  I)  would  indicate  but  2.13  per  cent,  of  FeO. 
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2.  AN  ILL-DBFINED  ZIBGONIUM  MINERAL. 

With  the  mineral  jast  described  occarred  pecaliar  growths,  from  an 
inch  to  an  inch  and  three-quarters  in  length,  of  a  pale  brown  color,  and. 
having  the  forms  shown  in  Figs.  10  and  11,  of  which  analyses  IV-VI  rep- 
resent the  composition.  Evidences  of  crystal  faces  were 
observed  on  the  upper  terminations  of  some  specimens.  It 
seemed  not  at  all  probable  from  its  appearance  that  the  sab- 
stance  was  homogeneous,  and  a  thin  section  showed  plainly  a 
mixture  of  two  or  more  minerals.  One  of  these  is  probably 
limonite,  and  the  action  of  HFl  supports  this  view ;  for, 
while  the  powder  as  a  whole  was  instantiy  decomposed,  brown 
Fio.ia->cyiv  oxide  of  iron  remained  for  some  time  suspended  in  the  liqnid. 
toiito  {i).  rpjjg  specimen  represented  by  analysis  VI  differed  much  in 
api>earance  in  places  from  the  others,  fractured  surfaces  being  coarsely 
granular,  and  showing  clear  reddish  grains  of  some  size  which  could 

easily  be  detached.  The  sp.  grs.  were  3.70  (IV),  3.60 
(V),  3.64  (VI);  The  analyses  give  the  composition  of 
air-dried  material,  for  it  was  found  that  at  100^  G.  and 
with  each  further  increase  in  temperature  water  was 
lost.  They  are  only  of  value  as  showing  the  composition 
of  these  characteristic  forms,  which  are  mixtures  of 
Fio.ii.-ciytoute(t).  perhaps  cyrtolite,  or  some  allied  alteration  product  of 
zircon,  with  limonite  and  a  phosphate. 

Analtfaes. 


100.04      100.  IW      UK).  74 
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3.  WHITE  BERYL. 

The  crystalB  analyzed  were  from  a  specimen  in  the  National  Mnseum 
foand  in  a  tin  mine  near  Winslow,  Me.  The  beryl  is  of  interest  on 
acconnt  of  its  color,  which  is  white,  with  a  faint  greenish  hue  under 
certain  conditions  of  light.  Mr.  J.  S.  Diller  examined  the  crystals  and 
reported  as  follows : 

The  white  berjl  which  yon  gave  me  to  examine  is  full  of  gas  and  liquid  inolusiona, 
moet  probably  air  and  water,  to  which  the  light  color  of  the  beryl  is  due.  Besides 
tbese  it  otmtains  a  considerable  amount  of  fine  ferritio  dust,  but  on  the  whole  is  about 
as  pure  as  minerals  usually  are.  The  beryl  itself  is  fresh,  and  has  suffered  but  little, 
it  any,  alteration. 

The  sp.  gr.  at  27oO.  was  2.707. 

VII. 


SiOa 65.21 

TiOj trace 

AljOa 18.50 


FcOa 


U33 


BeO tl3.03 

MgO 0.09 


K«0 

CsaO 

Na^O 

LUO. 

F2O,. 


0.14 

0.87 

0.16 

U.80 

none 


100. 13 
*FeO,  if  present,  not  estimated. 

t  BeO  and  AlsOs  separated  in  the  manner  describeil  by  Penfield.    (Am.  Jour.  Sci. 

[3],  xxxii,  114).  * 

t  After  drying  at  110^  C. 

4.    A  SULPHIDE  OF  COPPER,   SILVER,   AND  ZINC. 

Mr.  Bichard  Pearce  gives  an  analysis^  of  a  mineral  from  the  Gagnon 
Mine,  Butte,  Mont.,  which  he  describes  as  massive,  and  in  appearance 
much  like  bornite,  with  density  4.95  and  hardness  3.5  to  4.  A  spe- 
cimen received  from  Mr.  Pearce,  and  analyzed  at  his  request,  had  a 
density  of  5.407  at  2(P  C.  It  was  rather  brittle,  but  flattened  out  in 
part  under  the  pestle.  From  analysis  VIII  0.12  per  cent,  of  gangue 
has  been  deducted.    Pearce's  analysis  is  given  under  IX. 


• 

VIIl. 

IX  (Pearce.) 

Cu 

40. 24 
21.80 

1.4C 
12.83 

1.98 
20.88 

4L10 

Ag 

Pb 

24.60 

Zn 

9.80 

Fe 

S 

2.09 
20.51 

Insolnble 

1.02 

99. 19 

99.18 

PrcK'.  Colorado  Sci.  8<»c.,  vol.  2,  p.  70. 
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The  general  formula  deduced  from  both  analyses  is  R8,  with  th6 
different  constituents  apparently  in  varying  proportions.    It  is  impoa' 
sible  from  the  specimens  examined  to  decide  wliether  the  mineral 
new  or  only  a  mixture. 


I 


5.  AN  ARGENTIFEROUS  ARSENIDE  OF  NICKEL  AND  COBALT. 

Prom  Mr.  W.  George  Waring,  through  Mr.  Whitman  Gross,  a  minera  ^^ 
from  the  Rose  Mine,  Grant  County,  ISi.  Mex.,  was  received,  whichrB 
has  the  composition  given  under  X.  It  is  said  to  occur  also  in  th^» 
Black  Hawk  Mine,  in  the  same  county.  It  has  a  steel-gray  color,  anc^ 
the  particles  abraded  by  a  sharp  blow  of  the  hammer  ^<  take  fire, 
the  pathway  of  each  particle  thus  ignited  as  it  falls  to  the  ground  i 
marked  very  distinctly  by  a  trail  of  dense,  white  smoke,^  according 
Waring.  In  a  closed  tube  a  heavy  sublimate  of  arsenic  is  formed  o 
very  moderate  heating.  The  gangue  of  the  mineral  is  mainly  carbonated 
of  lime  and  iron  with  quartz.  The  carbonates  may  be  extracted  with^ 
HGl,  when  the  arsenide  is  left  entirely  unaffected  and  showing  evidences  ^ 
of  crystalline  structure  ("  pyritohedral,"  Waring).  The  sp.  gr.,  after  ' 
correcting  for  4.80  per  cent,  of  quartz,  was  6.644  at  20°  0. 


I 


As 

S  . 

Ag 
Cu 
Ph 


X. 

74.04 
0.13 

4.78 
0.04 
0.03 
0.44 


Ni  ^ 
Co  s 
CaO 
MgO 


19.52 

0.09 
0.05 


99. 12 


*  Til o  separation  of  Ni  and  Co  iniHcarried.  According  to  a  blow-pipe  analyeie  by 
Waring  the  proportion  of  Ni  to  Co  is  a.s  3  to  1. 

The  atomic  ratio  of  Ni,  Co,  Ag,  Fe  to  As  is  much  above  1 :  2.5,  show- 
ing either  that  the  substance  is  a  mixture  of  two  minerals  with  the 
general  formulas  RAs2  and  RAsa,  or  of  arsenic  with  one  of  the  formula 

RAH2. 

6.    A  BASIC   CUPRIC   SULPnATE. 

Two  soft  lumps  of  ore  of  a  liglit  green  color  (rubbing  off  on  the  fin- 
gers) from  the  Antler  mine,  Yucca  Station,  on  the  Atlantic  and  Pacific 
Railroad,  in  Mohave  County,  Ariz.,  gave  the  following  composition, 
after  deducting  8  and  6  per  cent,  respectively  of  gangue,  which  latter 
consisted  mainly  of  quartz  and  a  brownisli  foliaceous  mineral.  Sp.  gr. 
at  \^P  C,  3.1)3,  after  correcting  for  gangue,  the  density  of  which  was 
assumed  to  be  2.G. 
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CnO 
ZnO 
CaO 
SO, 


XI. 

XII. 

68.10 

67.64 

0.29 

0.04 

0.05 

0.04 

20.46 

21.49 

11.  U 

10.76 

100.10 

99.97 

The  molecular  ratios  are 


KO 

SO3 

lUO 

10.00   : 

2.96   : 

7.19 

10.00  : 

3.15   : 

7.01 

XX  «••»•«•  ••»#•••  •••••«• 

which  lead  to  the  fcxrmnla  3GaS04+7Gu[OB]2,  for  which  theory  re- 
qaires  68.45  OaO,  30.69  SO3, 10.86  H,0.  If  in  time  this  should  prove 
to  be  a  well-defined  species,  which  conclasion  the  absence  of  crystal- 
line form  and  want  of  very  close  agreement  in  the  analyses  do  not  war- 
rant at  present,  the  name  antleriie^  from  the  mine  in  which  it  occurs, 
iB  saggested  as  appropriate. 


ANALYSES  OF  NATURAL  BORATES  AND  BOROSILICATES. 


By  J.  Edwaed  Whitfield. 


Most  of  tbe  published  analyses  of  nataral  borates  hayei  the  boril 
acid  determiued  either  by  difference  or  by  some  of  the  methods  whiclfl 
liave  been  shown  to  be  inaccurate,  and  they  are  therefore  subject  ix^ 
question  as  to  the  exact  ratios  and  formulas.  A  method  for  the  direcP 
estimation  of  boric  acid  having  been  devised  in  this  laboratory  by  Dr— 
F.  A.  Gooch,^  it  was  thought  advisable  to  repeat  the  analyses  of  a  few 
of  the  borates,  and  verify,  if  possible,  the  given  formulas  or  correct- 
errors  caused  by  defective  analytical  methods.  With  this  object  in 
view,  the  following  analyses  were  undertaken. 

The  methods  employed  differ  in  many  cases  from  those  used  by  other 
analysts  in  the  already  published  accounts  of  these  minerals.  In  the 
estimation  of  the  ferrous  iron,  the  method  employed  was  to  decompose 
the  finely  ground  mineral  with  hydrofluoric  and  hydrochloric  acids  in  an 
atmosphere  of  carbonic  acid,  and  heating  to  a  temperature  of  about 
lOOo  C.  in  a  tightly  sealed  platinum  vessel,  devised  and  used  expressly 
for  such  determinations,  and  when  thoroughly  decomposed — which  is 
generally  thecase  aftcrstanding  twelve  hours,  with  occasional  shaking — 
to  titrate  with  permanganate  of  potassium.  This  method  is  undoubtedly 
superior  to  that  employed  by  Eammelsberg  and  Tschermak  in  their 
analyses. 

The  direct  estimation  of  the  water  was  made,  after  drying  the  min- 
eral at  1040  C,  with  the  apparatus  devised  by  Dr.  Gooch,*  by  which 
the  error  caused  by  calculating  the  water  from  ignition  and  ignoring 
the  oxidation  of  the  ferrous  iron  is  eliminated. 

The  silica  in  every  case  has  been  corrected  by  evaporation  with  hy- 
drofluoric and  sulphuric  acids,  and  the  residue  added  to  the  precipitate 
of  iron  and  aluminia. 

.  COLEMANITE,  FROM  DEATH  VALLEY,  CALIFORNIA. 

Of  this  mineral  there  was  put  at  my  disposal  two  specimens  very 
different  in  appearance.  One,  designated  as  A,  was  a  large,  transpar- 
ent crystal  of  the  ordinary  type,  to  all  appearances  perfectly  clear  and 
free  from  impurities. 


*  Bulletin  U.  8.  GeoloKicai  Survey,  No.  42,  p.  647. 

«Ain.  Chem.  Jour.,  vol.  2,  1H80,  p.  247. 
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By  analysis  the  following  resalts  were  obtained,  and  I  insert  for 
ronpariaou  the  analysis  by  Mr.  J.  T.  Bvans^  and  the  theoretical  com- 
poBitioD  oalcalated  from  the  formalas  given  below : 

,    A.  J.  T.  Evana.  Theory. 


Hrf) 

= 

81.87 

= 

21.835 

= 

il.9 

B,0, 

= 

50.70 

= 

50.090 

= 

1)0.9 

CaO 

= 

27.31 

= 

27.175 

= 

97.2 

MgO 

= 

.10 

= 

The  molecalar  ratios  from  analysis  A  are  CbO  :  B,0) :  H,0— 2 : 3  :  5, 
iwalting  ID  the  simple  fonnola  2CaO,  3B,0„  6H,0,  the  calculated  com- 
position of  wbicb  does  not  differ  mnch  from  the  reaolts  of  the  analysis. 
Mt.  Evans  calealat«d  the  same  formnla  from  his  analysis,  in  which  the 
boric  ac»d  was  determined  by  difference. 

The  second  specimen,  B,  was  from  the  same  locality,  bat  was  in  the 
form  of  a  deposit,  implanted  on  gangne,  and  consisted  of  small  blmle-like 
crystals,  almost  white,  bat  in  some  lights  appearing  of  a  greenish  cast. 

By  daplicate  analyses  the  following  results  were  obtained: 


HiO 22.66  22.70 

BiOj 49.50  49.62 

CaO 27.36  27.40 

MgO 25  .26 

SlOi 44  .47 

100.87  100.45 

These  resolts  prove  the  mineral  to  be  the  same  as  variety  A,  bnt 
containing  very  slight  imparities.  The  diHerence  in  the  general  ap- 
pearance of  the  two  specimens  suggested  a  crystallographic  exauiiua- 
lion  of  variety  B ;  and,  through  the  kindness  of  Prof.  E.  S.  Danii,  the 
following  description  was  famished  by  Mr.  H.  S.  Washington,  of  New 


The  white  truisparant  cryatals,  of  aboat  2 
light  poroas  gaagae,  either  iii  parallel 
potitioD  or  in  Tosette-Iike  aggregationa, 
orerlappinK  one  another  like  nbiugles  on 
■  Mof.  They  have  in  several  places  im- 
plaoMd  on  them  amall,  white  opoqne, 
■phetoidaIiiiaaBe8,preannial)lyof  priceice. 
The  habit  of  the  crjatala  is  remarkable, 
bcJDg  unlike  almost  all  the  forms  of  col e- 
■nanite  previooslj  described.  Prof.  A.  W. 
Jackaoa'  gives oDefigarereBemblingtbese 
forms,  thoQgh  more  complex.  They  look 
U.  int  sight  like  two  rbomboboilrs  of  cat- 
cite;  theeombinatioQof  priamandortlio-  rormorfoiemBi 
4ome  giving  the  mieeral  a  decideill}^  rhonibobodral  aspect, 

'Proc.  Cal.  Aciul.  Sd.,  No.  1 ;  N.'iiej..  J.ilir.. 
=  Bull.  Cal.  Acad.,  No.  4,  pp.  35hi-374.  ])lnti'fi 
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None  of  the  crystals  examined  admitted  of  good  measnTementa^  the  &efls  being 
broken,  rough,  or  carved.  They  were  accurate  enough,  however,  for  determining 
the  symbols.  The  plane  W  301  was  curved  very  oonepiononsly  and  raf^Uurly,  the 
fiMM  having,  near  a  100,  the  position  approximately  represented  by  the  symbol  501. 
Tnis  habit  was  very  constant,  the  prism  m  110  and  orthodome  W  301  being  the  only 
planes  observed,  with  the  exception  of  b  010,  produced  by  the  perfect  cleavage,  and 
a  small  and  very  nnoertain  plane  observed  in  one  or  two  oases  replaoing  the  edge 
W  301  /m'  110. 

PRICEITE9  FROM  CURRY  COUNTY,  ORBCK>N. 

The  specimeu  examined  was  white  and  chalky,  and  proved  to  be  very 
pare  material.  An  analysis  gave  the  following  compositioni  and  I  copy 
the  results  of  an  analysis  by  Silliman  ^  and  another  by  Mr.  Thomas 
Price'  for  comparison : 

Wbitfield.  Silliman.  Price. 

B2O 19.42  18.29  22.75 

BaO, 48.44  49.00  47.04 

CaO 32.15  31.83  89.96 

NaCl,  FesOs,  AlsQi .96  .25 

100. 01  100. 06  100. 00 

The  ratios  from  my  figares  are  OaO:  BsOa:  HtO— 19:  23:  36,  which  do 
not  conform  to  any  simple  formula.  In  both  the  earlier  analyses  the 
boric  acid  was  determined  by  difference,  and  there  is  a  discrepancy  be- 
tween them  of  aboat  2  per  cent. 

PANDERMITE,  FROH  THE  ISLAND  OF  PANDERMA,  IN  THE  BLACK  SEA 

The  material  was  hard  and  compact,  somewhat  resembling  marble. 
H4O 19.40 

BaOa 48.63 

CaO 32.16 


100.19 


From  these  fignres  it  will  be  seen  that  the  priceite  and  the  pander- 
mite  are  in  composition  identical,  the  difference  being  wholly  in  the 
physical  appearance  of  the  material.  The  priceite  is  soft  and  firiable, 
while  the  pandermite  is  compact.  From  the  resalts  obtained  it  is  1^ 
parent  that  they  are  the  same  mineral.^ 

ULEXITE,  FROM  RHODES'  3IARSH,  ESMERALDA  COTJNTT,  NEVADA. 

The  material  for  analysis  was  taken  from  one  of  the  nodnles  found 
in  this  locality*,  which  on  being  broken  exposed  the  fine,  silky  fibers 
characteristic  of  the  mineral. 


'Aiii.  Jour.  Sci.,  ser.  3,  vol.  i),  pp.  128-130. 
'Am.  Jour.  Sci..  ser.  3,  vol.  5.  pp.  287-290. 
^Daua,  Syst.  Min.,  app.  iii— 97. 
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An  analysts  gave  tbe  following  flgares : 

Found.  Galonlated. 

SiOa 0.04  

CI 2.38  

BjO, 43.20  45.34 

8O3 0.28  

CaO 14.52  •     15.04 

NasO 10.20  8.83 

KtO 0.44  

H,0 29.46  30.79 


100. 5  :  100. 00 

DedaotO=Ca 53 


99.99 


The  molecalar  ratios  from  these  flgares  are  IfaaO  :  GaO  :  B2O3 :  HaO 
=16  :  26  :  62  :  163,  which  conform  to  no  simple  formula.  If,  however, 
we  correct  for  imparities  by  throwing  oat  tbe  SiOs,  the  K2O,  as  KGl, 
the  remaining  Gl  as  NaGl,  and  the  SO3  as  gypsum  (GaS04,  2H2O)  we 
can  calcnlate  the  composition  given  above,  from  which  we  deduce  the 
formala  NaGaBsOg,  6HtO,  which  lies  between  the  two  formalas  given 
by  Bammelsberg.^ 

-      LUDWIGITE,  FROM  MORAWITZA,  BANAT,  HXTNGARY. 

The  material  consisted  of  fine,  radiating,  silky  fibers,  almost  perfectly 
black,  bat  showing  a  tinge  of  violet  when  freshly  broken,  very  tough 
when  hammered,  but  easily  cut,  associated  with  quite  pure  magnetite. 

Analysis  gave^ 

BjOs 12.04 

FeuO, 37.93 

FeO 15.78 

MgO 30.57 

MnO .• 0.16 

H,0 3.62 

100. 10 

The  ratios  are  B2O3 :  FcaOg :  FeO ;  MgO :  H,0  =  17  :  24 :  24 :  76 :  20. 
Taking  all  the  protoxides,  together  with  the  water,  as  basic,  we  have 
BtOj :  FejOa :  RO  =  3 : 4 :  20.  G.  Tschermak »  obtained  for  boric  acid, 
by  Marignac's  and  by  Stromeyer's  methods,  16.09  per  cent,  and  15.06 
per  cent,  respectively,  bat  gives  no  water ;  and  from  his  results  deduces 
the  formula  3MgO,  BjOa  +  FeO,  FcaOs.  If  he  sought  for  water  by  igni- 
tion, the  oxidation  of  ferrous  iron  might  easily  have  led  to  error. 

DATOLITE. 

The  material  investigated  was  tbe  well-known  mineral  from  Bergen 
Hill,  New  Jersey,  and  consisted  of  crystals  about  5™™  in  diameter,  trans- 


» Pogg.  Ann.,  vol.  97,  p.  301.  «T8cli.  Miii.  Mitth.,  1H74,  p.  59, 
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lacent,  white^  or  of  a  pale  greeuish  color.    I  have  been  nnable  to  find 
any  published  analyses  of  the  mineral  from  this  locality,  although  it 
has  been  known  for  so  long  a  time. 
By  analysis  I  obtained — 

SiOa 35.74 

FeO 31 

CaO 35.14 

BgOs 22.60 

HaO 6.14 

99.93 

The  small  amount  of  iron  is  undoubtedly  present  aa  an  impurity 
leaving  this  out,  the  molecular  ratios  are  SiOs :  CaO :  B2O3 :  H3O=(>0 
63 :  32 :  34,  giving  the  formula 

B2O3,  HgO,  2CaO,  2SiO„  or  H  Ca  SiOg  BO,. 

DANBURITE,  FROM  RUSSELL,  ST.  LAWRENCE  COUNTY,  NEW  YORK. 

This  mineral,  has  been  fully  described  by  Profs.  George  J.  rush 
and  Edward  S.  Daua,^  although  from  the  description  given  by  them  of 
the  color  of  their  specimen  I  imagine  they  had  material  differing  some- 
what from  mine.  The  mineral  analyzed  by  me  was  reddish  yellow  to 
pink  in  color,  brilliant  in  luster,  and  associated  with  quartz,  pyroxene, 
and  calcite. 

In  the  analysis  referred  to  ^  the  boric  acid  was  determined  by  Stro. 
myer's  method.  The  figures  obtained  by  my  analysis  are  given  in  the 
first  column ;  the  second  is  the  analysis  made  by  Mr.  W.  J.  Gomstock 
for  Professor  Brush. 


1. 

49.70 
25.80 

1.02 
.20 

2. 

SiO^ 

48. 2:5 

2(3.93 

2X  24 

.47 

.63 

BiO, 

CaO 

Fe.Oa-f  AI2O3 

Ignition 

• 

99. 98 

99.50 

The  comparison  of  the  two  analyses  shows  the  material  difference  to 
be  in  the  amount  of  impurities. 


AXINITE. 


Two  specimens  of  this  mineral  from  different  localities  were  analyzed. 
The  first,  from  Cornwall,  England,  was  of  selected  crystals  of  a  dark, 
clove-brown  color,  translucent,  and  implanted  on  quartz.    The  second 


^Am.  Jour.  Sci.,  pt.  3,  vol.  20,  18H0,  pp*.  111-118. 
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las  tbe  axinite  from  Boarg  d'Oisans,  Daaphiny,  Frauce.  Thi8  speci- 
men was  of  a  beaatifal  pearl-gray  color,  and  in  some  of  the  nmallei' 
crystals  almost  colorless  and  quite  transparent.  The  third  analysis  in 
the  series  is  one  of  the  Dauphiny  axinite,  by  Rammelsberg^  and  is  copied 
from  his  description  of  the  mineral  for  comparison. 


1 

Cornwall. 

• 
Boarg  d'OtsaoA. 

3 
Bourji  d*0uiAO8. 

'SiOi.-I 

42.10 
17.40 
3.06 
5.84 
20.53 
4.63 
0.66 

41.53 
17.90 
3.90 
4.02 
.21.66 
3.79 
0.74 

43.46 

16.33 

2.80 

'6.78 

20.19 

2.62 

1.73 

.11 

5.61 

1.45 

ALOj 

Fe^ 

FeO 

CaO 

MnO 

MffO 

KaO 

BiO, 

HaO 

4.64 
1.80 

4.62 
2.16 

_  . 

100.66 

100. 32 

101.08 

The  ratios  from  the  results  of  analysis  No.  2  are:  SiOa :  A^Oa-f  Fe203 : 
(FeO+MnO)+(CaO+MgO)  :  BaOa :  H20=69  :  20  :  61  :  G  :  12,  or  10  :  3 
:  8  : 1  :  2 — giving 

B2O3 .  3  .  Ri'^Oa .  8R"0  .  2HaO  .  10SiO2,  or  BlVKV'Ha  (SiO*)^©. 
Tills  expression  will  allow  of  the  graphic  formula : 


In  these  analyses  the  value  of  K4  is  approximately  three  atoms  of  cal- 
cium and  one  atom  of  iron  and  maugauese  taken  together.  It  is  there- 
fore probable  that  axinite  is  an  isomorphous  mixture  of  two  species, 
having  E=Ca3Fe  and  CaaMn  respectively.  If  we  reckon  all  the  ^  as 
calcium,  we  shall  have  the  following  theoretical  composition : 


Al>03 
8i0.2 . 
H,0- 
CaQ. 
B3O3. 


20. 9 

41.1 

2.5 

30. 7 

4.8 

100.  0 


1  Zcit.  d.  geol.  Gesellsch.  xxi,  089. 
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'Ihese  resalts,  while  difi'eriug  from  those  deduoed  by  BammeUberg 
Din  his  formula,  agree  very  well  with  all  the  results  of  analysis  No.  2. 
Although  the  Stromeyer  and  the  Mariguac  methods  of  estimatiag 
)ric  acid  have  been  shown  to  be  unreliable,  and  the  determination  of 
ly  constituent  of  a  mineral  by  difference  is  unsatisfactory,  nevertheless, 
I  comparing  the  results  of  the  various  analyses,*it  will  be  seen  that  the 
rectly  determined  percentages  of  boric  acid  do  pot  differ  greatly  from 
e  older  values. 

My  sincere  tfianks  are  due  to  Mr.  H.  S.  Washington  for  kindly  far- 
shing  the  description  of  the  unusual  variety  of  colemauite. 


METEORITES  PROM  JOHNSON  COUNTY,  ARKANSAS,  AND  ALLEN 

COUNTY,  KENTUCKY. 


By  J.  Edward  Whitfield. 


1.  meteorite  FROH  JOHNSON  COUNTY,  ARK. 

A  fragment  of  this  meteorite  was  reoeived  by  Prof.  F.  W.  Clarke 
from  the  former  owner^  Mr.  J.  O.  Betten,  of  Eareka  Springs,  Ark. 
7his  fragment  weighed  a  little  more  than  thirty-five  grammes;  the  ex- 
posed sorfaoes  were  oxidized,  the  oxide  of  iron  extending  into  the 
Bomeroos  cracks;  in  some  cases  almost  through  the  specimen.  The 
t^Tace  of  chlorine  fonnd  by  analysis  will  accoant  in  some  degree  for  this 
oxidation. 

The  following  analysis  gives  the  comi>osition  of  the  iron.  The  loss 
is  due  to  the  partial  oxidation  of  the  iron: 

Fe 91.87  , 

Ni 6.60 

Co trace 

S 0.05 

Combined  C 0.15 

P 0.41 

Mn trace 

CI trace 

Insoluble  in  HCl 0.34 

99. 42 
Specific  gravity 7.837 

This  meteorite  has  since  passed  into  the  hands  of  Mr.  O.  F.  Eunz, 
who  has  fnliy  described  it^,  and  from  his  description  I  copy  the  main 
points  of  interest. 

This  meteorite  is  of  nnnsual  interest  on  acconnt  of  the  observance  of 
its  fall,  which  oocnrred  about  three  o'clock  on  the  afternoon  of  March 
27,  1886.  It  struck  the  ground  about  75  yards  from  the  house  of  Mr. 
Christopher  G.  Shandy,  six  miles  east  of  Cabin  Greek,  Johnson  County, 
Ark.  It  measures  44<'°'  by  dO^^^  and  weighs  48,732  kilos  (107^  pounds). 
A  high  ridge  12.5<^  high  at  the  highest  point  runs  through  the  center; 
one-half  the  mass  is  not  over  7.5<'°^  thick,  part  of  it  is  only  d"""',  and 
around  the  edge  it  is  only  2.5^"'  or  less. 

Mr.  Kunz  gives  two  figures,  which  show  how  very  dissimilar  the  two 
sides  are;  the  upper  side  is  ridged  and  deeply  dented,  while  the  lower 

^Am,  Jour.  iScioDce  for  Juue,  1^07. 
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side  is  flat,  and  covered  with  shallow  but  very  large  pitting.    The 
upper  side  is  remarkable  for  sirise  showing  the  flow  and  burning,  and 
all  running  from  the  center  toward  the  edge,  identical  with  those  ii^ 
the  Bowton,  Nedagolia,  and  Mazapil  irons,  but  on  a  larger  scale. 

On  the  upper  side  ten  nodules  of  troilite  are  exposed,  measuring  frai^ 
33mm  i„  diameter  to  So*"*"*  long  and  25°*"  wide;  on  the  lower  side  the^^ 
are  twelve  nodules,  the  largest  measuring  19">™  by  39™™.  On  the  upp^^r 
side  these  nodules  are  coated  in  spots  with  a  black  crust  similar  to  th^  m^^ 
found  on  the  mass,  but  on  the  lower  side  the  crust  extends  completel  ^ 
around  the  side  of  the  nodules,  showing  the  fusion  very  plainly.  TIb  ^ 
troilite  is  very  bright,  and  in  some  cases  where  the  nodules  were  broke  .^K 
they  were  found  to  be  iridescent.  This  is  one  of  the  octahedral  iron  ^^ 
showing  the  Widmanstattiau  figures  beautifully  on  etching,  and  is  ona^ 
of  the  Gaillite  group  of  Stanislas  Mennier  and  of  the  Mittlere  LameL  - 
len  of  Breziua. 

2.  A  METEORITE  FROM  ALLEN  COUNTY,  KT. 

This  meteorite  was  found  about  the  middle  of  June,  1867,  by  Mr. 
James  H.  More,  while  hoeing  tobacco,  near  Scottsville,  Allen  County, 
Ky.  In  shape  it  resembles  a  wedge,  the  thickness  at  base  being  14<^>", 
width  18*^"*,  and  length  16*^'" ;  the  mass,  as  found,  weighing  a  little  more 
than  10  kilos,  and  having  the  characteristic  i)itted  surface.  A  section 
shows  nodules  of  troilite  varying  in  diameter  from  barely  visible  points 
to  about  12'"*".  The  markings  on  an  etched  surface  are  exceedingly 
fine,  and  require  the  aid  of  a  lens  to  distinguish  them.  There  appear 
to  be  two  sets  of  figures,  one  of  long,  very  fine  lines,  representing  octa- 
hedral cleavage,  the  other  series  being  smaller,  more  crowded,  and 
barely  perceptible.    An  analysis  gave  the  following  composition : 

Fo 94.32 

Ni 5.01 

Co trace 

S 0.34 

P 0.16 

Total  C 0.12 

99.95 

Specilic  gravity 7.848 

This  iron,  as  reganls  markings  and  general  appearance  of  section, 
resembles  the  Scriba  and  Salt  River  meteorites  more  nearly  tliaii  any 
others  represented  in  the  National  JMuseuni  collection ;  but  as  no  com- 
plete analyses  of  these  two  irons  are  at  hand,  the  chemical  comparison 
can  not  well  be  made.  The  percentage  of  iron  appears  rather  high, 
but  duplicate  determinations  gave  corresponding  figures. 

The  material  for  analysis  was  received  by  Prof.  F.  W.  Clarke  from 
Messrs.  Ward  and  ITow^ell,  of  llochester,  N.  Y.,  the  present  owners  of 
the  meteorite,  to  whom  we  are  indebted  for  the  privilege  of  descrip- 
tion. 


8CORODITB  FROM  THE  YELLOWSTONE   PARK, 


By  J.  Edward  Whitfield. 


Among  a  nnmber  of  deposits  and  incrastations,  submitted  for  analysis 
^^  Mr.  Arnold  Hague,  of  the  U.  S.  Geological  Survey,  was  a  specimen 
&om  the  Joseph's  Goat  spring,  on  Broad  creek,  east  of  the  Grand  Gallon. 
^I^is  specimen  had  a  coating  of  a  pale  greenish  color,  the  mass  consist- 
ing of  alternate  layers  of  light  red  or  brown  and  white.    At  first  it  was 
BQpj)osed  that  the  green  color  was  due  to  the  organic  coloring  matter 
So  prevalent  in  the  basins  of  springs  in  the  Park,  but  on  examination 
it  proved  to  be  a  compound  containing  arsenic  and  iron.    Following  are 
the  figures  obtained  by  analysis,  on  material  separated  as  well  as  pos- 
sible from  the  silica  and  earthy  matter  that  always  accompanies  the 
deposits  from  the  springs : 

SiOi 4.35 

FcaOa 33.29 

AsgOft 46.48 

HaO ^ 15.50 

SOa 84 

100. 46 

The  analysis  shows  the  presence  of  some  lilica  and  sulphuric  acid,  but 
mainly  agreeing  with  the  composition  of  scorodite.  Recalculating,  leav- 
ing out  impurities,  we  obtain  the  following  figures,  which  agree  closely 
with  the  theoretical  composition  of  the  mineral : 

Calculated. 
FeaOj 34.94  34.7 

AsgOs 48.79  49.8 

HaO 16.27  15.5 

100. 00        100. 0 

There  are  other  localities  in  the  Park  where  scorodite  is  being  depos- 
ited. At  the  Gonstant  Geyser,  in  !N orris  basin,  the  water  is  thrown  out 
two  or  three  times  a  minute  to  a  height  of  from  ten  to  twenty  feet. 
Around  the  vents  the  greenish  tints  are  perceptible  in  the  incrustations, 
but  only  on  the  surface,  for  on  breaking  the  sinter  the  cross  section 
shows  the  thin  layers  of  alternate  scorodite  and  silica ;  but  here  the 
scorodite  has  been  altered  to  limonite,  and  the  hiyers  are  of  a  brownish 
color — the  nearer  the  base  of  the  deposit  the  stronger — the  dark  color 
owing  to  the  discoloration  of  the  silica  by  the  oxide  of  iron. 

Bull.  55 5  <^ 
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It  is  Tery  difficult  to  scale  off  tlie  green-colored  matter  from  the  sar- 
face  of  tbis  deposit  in  qnantity  sufficient  for  analysis  without  admixed 
silica  and  iron  oxide  from  the  layer  beneath  it.  After  separating  it  as 
well  as  possible  the  following  figures  were  obtained  by  analysis : 

SiO,.-.. 49.83 

AIjOj 4.74 

Fe,03 18.00 

A«a05 17.37 

H,0 10.  C2 

100.56 

Scorodite,  as  found  in  the  Park  deposits,  is  a  very  unstable  mineral, 
and  only  under  favorable  conditions  is  it  kept  from  slowly  oxidiziDg, 
leaTiDg  the  limouite*carryiug  varying  amounts  of  AssOs. 

For  a  description  of  the  locality  and  manner  of  occurrence  of  scorodite 
in  the  Park  reference  must  be  made  to  the  paper  by  Mr.  Arnold  Hague,' 
in  which  the  whole  subject  is  fully  discussed. 

^  Am.  Jour.  8ci.,  vol.  34,  Sepi.,  Idd7.  ^ 


T»S  FLOW  OF  SOLIDS,   OR    THE    BEHAVIOR  OF   SOLIDS   UNDER 

HIGH  PRESSURE. 


By  William  Hallock. 


THE  question. 

Among  the  many  physical  questions  that  are  of  vital  interest  to  the 
Student  of  strnctural  geology  the  one  which  may  well  contend  for  a 
jCK)8ition  in  the  front  rank  is,  Wliat  is  the  effect  of  pressure,  with  or 
V^ithout  a  rise  of  temperature,  upon  the  locks  and  rock-making  magmas 
^hich  form  the  outer  shells  of  our  earth?  As  a  very  important  sub- 
^ vision  of  this  general  question  we  have  this:  What  is  the  effect  of 
pressures  apon  so-called  solids  without  any  rise  in  temperature  above  a 
XH>int  far  removed  from  their  ordinary  melting  point  f  In  other  words, 
C5an  we  liquefy  solids  by  pressure  alone  ?  As  corollaries  we  have  any 
peculiarities  at  the  instant  of  liquefaction  and  x)ossible  chemical  reac- 
tion during  this  state  of  enforced  liquidity. 

These  questions  have  long  formed  the  subject  of  theoretical  discus- 
sion, but  in  spite  of  the  fundamental  importance  of  their  satisfactory 
and  final  settlement,  they  have  seldom  been  investigated  experimentally, 
doubtless  owingto  the  difficulty  of  obtaining,  measuring,  and  managing  ^ 
sufficiently  high  pressures. 

Walther  Spring  may  i)erhaps  be  rightfully  called  the  pioneer  in  this 
work,  having  within  the  last  few  years  published  the  results  of  much 
experimental  work  upon  this  question.  JFIis  memoirs'  would  seem  to 
prove  without  doubt  and  finally  that  pressures  under  7,000  atmospheres 
will  liquefy  the  large  majority^  of  solids,  and  it  is  only  a  question  of  a 
little  higher  pressure  to  accomplish  the  result  even  with  the  most 
refractory.  Further  than  this,  Mr.  Spring  has  investigated  the  sec- 
ond corollary,  and  finds  that  chemical  reaction  takes  place  during  this 
fusion;^  at  least  when  the  volume  of  the  products  is  less  than  that  of 
the  original  substances. 

Unfortunately,  however,  for  the  conclusive  character  of  Mr.  Spring's 
works,  they  have  been   seriously  called  into  question,  especially  by 


»  BuU.  de  r Acad,  de  Belg. ,  2d  ser. ,  vol.  4i>,  1880,  and  3d  ser.,  vol.  D,  1885 ;  and  Bull  do 
la  Sec'.  Chim.  de  Paris,  vol.  39, 18S3,  and  40, 18HC. 
'  BolL  de  VAoad.  de  Belg.,  2d  ser.,  vol.,  49, 1880. 
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3h.  FriedelJ  Eduard  Jannetaz^  repeated  many  of  Spring's  experiments, 
md  his  results  confirm  Friedel's  criticisms  rather  than  Spring's  conclu- 
lions,  which  he  ( Jannetaz)  contradicts  in  every  essential  point. 

Such  was  practically  the*  condition  of  the  question  two  years  ago, 
when  the  Director  of  the  U.  S.  Geological  Survey,  J.  W.  Powell, 
■equested  me  to  devote  my  time  and  thoughts  to  what  we  hoped  would 
ye  its  final  settlement.' 

It  would  be  unjust  to  leave  nnmentioned  here  the  elaborate  and  ex- 
laustive  series  of  experiments  made  by  Henri  Tresca*  on  "  the  Flow 
}f  Solids,"  Which  are  fundamental  as  regards  the  point  investigated, 
vbich,  however,  is  but  a  small  part  of  the  general  question. 

In  order  that  my  meaning  may  be  clear,  I  wish  for  myself  and  for  this 
)aper,  to  impress  certain  meanings  upon  certain  terms  or  words.  Pri- 
oarily,  I  wish  strongly  to  distinguish  between  causing  a  body  to  "flow" 
md  rendering  it  a  true  liquid.  Any  substance  may  "flow"  when  the 
brce  acting  to  cause  the  molecules  to  change  their  relative  positions  is 
greater  than  the  force  with  which  the  molecules  are  held  in  their  original 
)ositions;  i.  e.,  is  greater  than  the  rigidity  or  viscosity  of  the  substance. 
This  can  occur  from  two  causes :  an  increase  of  the  force  tending  to 
listurb  the  molectiiles,  or  a  diminution  of  the  resisting  power,  the 
igidity  of  the  material.  The  first  cause  may  take  the  form  of  pressure, 
itrain,  or  such  like  force;  the  second  cause  is  heat,  and  possibly  other 
agencies.  Whether  rupture  or  flow  takes  place  when  the  deforming 
overcomes  the  resisting  force  depends  upon  the  nature  of  the  sub- 
tance,  its  limiting  conditions,  and  the  time  allowed  for  the  accomplish- 
fient  of  the  motion. 

It  is  impossible  to  draw  a  sharp  line  between  "  liquids"  and  "  solids;" 
or  convenience  they  may  well  be  classed  as  true  liquids,  viscous  liquids, 
iscous  solids,  true  solids.  In  the  first  class  would  fall  such  substances 
LS,  in  a  small  fraction  of  a  second,  fill  their  containing  vessel  to  a  hori- 
iontal  surface.  As  true  liquids  we  should  then  have  such  as  alcohol, 
rater,  glycerine,  molasses,  etc.  Viscous  liquids  require  several  seconds 
o  fill  their  containing  vessel  to  a  level  surface;  thick  tar  is  a  good 
ixample.  When  the  substance  requires  hours  or  even  weeks  in  which 
o  yield  to  gravity  and  change  its  form,  I  would  call  it  a  viscous  solid; 
)arafiBne,  shoemaker's-wax,  and  even  lead  and  some  other  metals  are 
uch.  A  true  solid  retains  its  original  shape  indefinitely  under  ordinary 
onditions  of  pressure  and  temperature,  as  steel,  glass,  etc.  Of  course 
uch  a  thing  as  an  absolutely  or  pcrfcctUj  rigid  substance  is  as  unknown 
o  us  as  is  an  ahsolute  ov  i)erfect  fluid. 


»  Ch.  Friedol,  Bull,  do  la  Soc.  Cliim.  do  Paris,  vol.  31),  1SH3,  j).  (>*J(>. 

*Ed.  Janiictiiz,  Bull,  de  l;i  8oc.  Chim.  do  PariH,  vol.  40, 18i4 ;  Bull,  do  la  Soc.  Min^Sral. 
o  Franco,  vol.  8,  lH8r>,  p.  lOS. 

-This  papt^r  is  osscntially  taken  from  a  report  mado  to  Major  Powell,  dated  at  Water- 
owu,  Mass.,  September,  1885.     (See  foot  note  on  \r.v^i^  To. ) 

"•  Henri  Tresca,  M<^iu.  <le  I'lnst.  Savantes  I^tran;;('rs.  vol.  18,  1868.  Comx)tes  Hendaa, 
ol.  t5i>,  1868;  Lxviii,  186U,     Seo  Tresca.,  in  Bibliography,  p.  7o. 
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If  the  above  ideas  are  correct,  "  true  liquefaction  "  is  tbe  diminisbing 
of  tbe  rigidity  or  viscosity  of  a  substance  until  its  molecules  cliange 
their  relative  positions  as  easily  as  in  a  true  liquid. 

T  give  these  definitions  merely  that  I  may  be  understood  in  tbe  use 
of  these  terms,  and  not  because  I  think  them  new  or  es^)ecially  good. 
In  order  that  a  substance  may  undergo  a  change  in  its  chemical  or 
crystalline  character,  it  is  undoubtedly  necessary  that  it  should  be  in 
the  condition,  at  least,  of  a  viscous  solid,  so  that  the  molecules  can 
slowly  rearrange  themselves,  if  there  be  any  force  urging  them  thereto. 
Oar  question  is,  will  pressure  alone  impart  to  the  molecules  such  a 
freedom  of  motion!  A  priori  it  is  inconceivable  to  me  how  or  why  it 
should.  For  with  the  exception  of  a  few  isolated  substances  at  particu- 
lar temperatures — as  water  between  4^  C.  and  ice  at  zero— an  increase 
of  liquidity  or  a  diminution  of  rigidity  is  simultaneous  with  an  increase 
of  volume,  that  is,  with  an  increase  of  the  iutermolecular  distances, 
which  is  accomplished  by  "  heating''  the  substance.  In  general,  for  one 
and^the  same  substance  over  considerable  ranges  of  condition,  the 
rigidity  diminishes  as  the  iutermolecular  distances  increase.  How, 
then,  can  pressing  the  molecules  nearer  together  be  expected  to  give 
them  a  property  which  always  accompanies  their  separation  t 

THE  APPABATUS. 

The  first  requisite  for  the  experiments  was  pressure,  and  naturally 
desiring  the  best  machine,  we  were  able,  through  the  kindness  of  Gen- 
,eral  Ben^t,  Chief  of  Ordnance,  to  have  the  use  in  its  spare  moments  of 
the  testing-machine  built  by  A.  H.  Emery  for  that  department,  and 
situated  at  Watertown,  Mass.  This  machine  undoubtedly  enables  the 
operator  to  obtain,  measure,  and  manage  high  pressures  better  than  any 
other. 

Personally,  I  am  greatly  indebted  to  Capt.  J.  Pitman,  of  the  Ordnance 
Corps,  for  suggestions  as  well  on  the  construction  of  the  holders  as  on 
the  theoretical  points;  and  also  to  Mr.  J.  E.  Howard,  the  engineer  in 
charge  of  the  testing-machine,  for  his  knowledge  of  the  capacity  of 
materials,  and  their  best  shape  and  quality  to  obtain  the  results  de- 
8u*ed.  The  apparatus  was  constructed  by  the  American  Tool  and 
Machine  Company  of  Boston,  Mass. 

For  the  preliminary  tests  it  seemed  desirable  to  have  a  holder  which 
could  be  opened,  so  as  to  show  the  compressed  material  in  position,  and 
finally  the  following  form  was  adopted : 

Fig.  15  shows  a  section  across  the  holder  on  the  plane  B  B  of  Fig.  14, 
which  in  turn  is  a  section  on  A  A  of  Fig.  15.  E  E  are  the  two  halves 
iu  contact  at  h  /i,  inclosing  the  cylindrical  hole  F,  in  which  the  sub- 
stance to  be  pressed  is  ])laced.  h  h  are  strips  of  tissue  paper,  used  as 
packing  between  the  two  halves.  11  and  VV,  Fig.  14,  are  the  two  pins, 
acting  as  i>istons,  fitting  into  the  hole  F,  to  transmit  the  pressure;  a  a 
aiid  a  a  are  copper  "gas-checks,"  placed  in  front  of  these  pins,  to  tiare 
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out  and  fill  tightly  the  bole,  preveu ting  any  escape  of  material.  Figares 
14  and  15  are  one-fifth  natural  size.  PI.  I  shows  the  manner  in  which 
the  apparatus  was  held  int  he  testing-machine  and  the  pressure  applied. 
P  P  P  and  P'  P'  P'  are  the  jaws  of  the  hydraulic  clamps  of  the  machine 
(capacity  1,000,000  pounds).  H  H  are  merely  blocks  to  enable  the  clamp 
to  properly  hold  the  holder  E  E.  K  is  a  block  to  hold  the  back  station- 
ary pin  in  place.  The  lettering  in  Figs.  14  and  15  apply  in  PI.  I.  V  Y 
is  the  hydraulic  clamp  on  the  fixed  end  of  the  testing-machine  where 
the  pressure  is  weighed.    The  block  B  B  moves  on  a  spherical  surface 
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Figs.  14,  15.— Diagram  of  api)aratii8  o.sod  in  work  ou  high  pressures. 

(R  R  R)  on  the  plate  T  T  T,  thus  ])ermittiug  the  adjustment  of  the  face 
of  O  perpendicular  to  the  line  of  pressure  or  parallel  to  the  rear  sur- 
face of  the  pin  1 1.  To  apply  the  pressure,  the  movable  clamp  P  P'  is 
forced  toward  Y\  by  a  hydraulic  piston,  thus  forcing  the  holder  E  E 
over  the  pin  resting  against  O;  the  pressure  on  O  is  measured  by  the 
hydraulic  balance  of  the  machine.  In  this  manner  a  total  compressive 
power  of  one  million  ])ounds  was  available,  but  as  the  pins  yielded  at 
110,000  pounds  per  sciuare  inch,  the  tests  were  not  carried  above  6,409 
atmospheres,  or  00,000  j)ounds  per  square  inch. 

EXPERIMENTS. 

With  the  above  apparatus,  used  as  described,  the  following  tests  were 
made: 

FIKST  TKST. 

A  paper  roll  containing  1.557  pounds  *'c.  p.  granulated  lead"  was 
placed  in  the  hole  F,  the  gas-checks  and  pins  were  inserted,  the  holder 
halves  (•laini)ed  together,  and  the  pressure  was  sloicly  applied ;  the 
amount  of  (•onipression  was  measured  in  the  distance  to  which  E  E  had 
been  forced  over  the  right-hand  pin.    Multiplying  the  simultaneous 
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loads  and  compressions,  we  obtain  the  icorJc  done,  and  bence  tbe  xk>8- 
sible  beat  generated.  In  tbis  experiment  tbe  woi:k  done  was  2,330  foot- 
pounds,  or  3.0  tbermal  units,  1  pound  1^  F.,  sufficient  to  raise  1,557  pounds 
lead  alone  about  63^  F.,  or  34^  G.  If  tbe  beat  generated  is  dissipated 
into  tbe  bolder  £  E,  as  is  sure  to  be  tbe  case,  tbe  rise  in  temperature 
would  be  less  tban  1°  0;,  or  l^.S  F. 

Under  a  pressure  of  6,000  atmospberes  tbe  granular  lead  sbowed  not 
tbe  least  sign  of  true  liquefaction.  It  was  merely  pressed  together, 
and  could  easily  be  broken  up  and  reduced  to  tbe  original  grains  be- 
tween tbe  tburab  and  finger.  It  is  true  tbese  experiments  were  not  per- 
formed in  vacuo^  a  condition  wbicb  Waltber  Spring  considers  of  import- 
ance. But  if  tbere  is  a  true  liquefaction,  wby  does  not  tbe  air  rise  to  the 
top  of  the  cavity  and  allow  fusion,  as  it  does  when  the  granular  lead  is 
heated  f    There  is  no  liquefaction,  only  a  pressing  and  sticking  together. 

SECOND  TEST. 

Next  0.672  pounds^  of  antimony  was  ground  in  a  mortar  until  it  went 
through  a  48-sieve,  and  then  it  was  similarly  submitted  to  6,000  atmos- 
pberes pressure,  with  the  same  result;  the  grains  were  simply  stuck 
together,  and  were  perfectly  distinct  in  their  original  form.  The  cylinder 
formed  was  bard  and  tenacious,  but  gave  no  signs  of  liquefaction  or  re- 
crystallization.  The  work  done  in  this  case  might  have  raised  tbe 
antimony  alone  230^  F.,  or  llO^  C,  or  bolder  and  antimony  lo.8  F., 
OT  lo  C. 

TIURD  TEST. 

Well-crystallized  calcite,  0.271  pounds,^  was  ground,  put  through  a 
48-8ieve,  and  submitted  to  a  pressure  of  0,000  atmospheres,  producing 
practically  no  effect;  tbe  resulting  mass  being  easily  broken  between 
tbe  thumb  and  finger. 

Finding  it  useless  to  have  large  quantities  of  the  compressed  material 
for  elaborate  examination,  it  was  decided  to  expedite  matters  by  putting 
in  several  substances  at  one  time,  and  tbe  following  rather  crucial  test 
was  made : 

FOUKTn  TEST. 


Flo.'16.— Dia;;ram  nhowing  experiment. 


L  H,  left-hand  pin,  stationary.    R  H,  right-hand  pin,  entering  the  bole 
F,  luoving. 

*  0.672  pounds  antimony,  Rolitl,  lilltMl  the  \\o\v  F,  5  inches  long. 
«  0.271  pounds  of  solid  calcite  fills  tlie  liolder,  5  inches  in  length. 
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The  charge  was  composed  as  follows : 

A.  Small  Bection  of  antimony  from  test  II. 

B.  A  stick  of  bees-wax  whittled  round,  nearly  fitting  the  hole. 

C.  A  stick  of  paraffine  whittled  ronnd,  nearly  fitting  the  hole. 

D.  Bismuth  prepared  like  the  antimony  for  test  II. 
£.  Paraffine,  same  as  C. 

F.  Lead  from  test  I. 

d  d  were  double-pointed  tacks  stuck  into  the  top  of  the  bees-wa.z  and 
paraffine,  and  at  a  and  c  two  old  silver  3-cent  pieces  were  laid  on  top  of 
the  wax  and  the  paraffine  in  the  cylinder. 

What  are  we  to  expect?  The  silver  pieces  and  tacks  would  fall 
through  the  liquid  wax  and  paraffine,  and  B  and  C^  if  liquid,  would  mix- 
Kay,  according  to  Spring's  results,  we  should  expect  to  find  along  the 
lower  part  of  the  mold  a  semi  cylindrical  piece  of  an  alloy  of  lead,  anti- 
mony, bismuth,  possibly  silver  and  iron,  and  above  this  the  mixture  of 
paraffine  and  wax.  The  actual  result  was  that  the  substances  all  came 
out  just  as  they  went  into  the  press.  There  was  not  the  slightest  trace  of 
a  tendency  to  How  on  the  part  of  the  metals ;  the  lead  and  antimony  re- 
mained as  they  were,  the  bismuth  acted  precisely  as  did  the  antimony 
in  tost  II.  There  was  no  sign  of  fusion  of  the  wax  and  paraffine,  which 
separated  on  their  surface  of  contact  (between  B  and  C)  clear  and  dis- 
tinct, a,  c,  d,  and  ddU\  not  sink  to  the  bottom — on  the  contrary,  they 
retained  their  original  positions;  and  the  silver  pieces  were  forced  against 
the  top  of  the  cylinder  so  powerfully,  that  their  impression  left  in  the 
steel  holder  was  easily  seen  and  feltj  and  the  pieces  were  bent  cylindri- 
cal, fitting  the  inside  of  the  holder.  Here  we  find  a  much  greater  rig- 
idity of  wax  and  i)arafiine  under  pressure  than  ordinarily  supposed 
possible  under  any  circumstances. 

Nowhere  was  there  a  sign  of  true  liquefaction.  The  wax  and  par- 
affine had  acted  only  as  viscous  solids,  and  flowed  only  to  fill  the 
available  opening. 

FIFTH   TEST. 

In  a  similar  way  the  following  substances  were  subjected  to  a  press- 
ure of  G,()00  atmospheres,  with  the  results  as  stated  : 

Podinin  carbonate,  dry. — Stuck  together  slightly,  resembling  chalk;  easily  cut  witb  a 
knife. 

Sodium  sulphate. — Probably  dissolved  in  its  water  of  crystallization  (IOTT-q)  ;  it  was 
forced  out  between  the  halves  of  the  holder  as  a  milky  liquid  which  solidified. 
The  little  left  in  the  holder  resembled  paraftine  in  appearance,  but  soon  weath- 
ered to  a  wMiite  powder. 

Zinc  Rulphato  (+7ITjO). — No  signs  of  fusion;  merely  stuck  together;  the  origiDal 
pieces  of  crystals  easily  visible. 

Copper  sulphate  (-f-GHaO). — Same  as  zinc  sulphate. 

SIXTH    TKST. 

Potassium  chloride. — Formed  a  hard  lump,  whose  fracture  resembled  that  of  loaf 

su«iar  or  tliat  of  marble,  with  the  ori<;inal  crystals  visible;  no  trace  of  fusion. 
Sodium  chloride. — Similar  to  potassium  chloride,  only  a  little  more  compact. 
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Ammoniom  chloride. — Still  more  compact,  resembles  vegetable  ivory ;  possibly  the 
beginning  of  fusion.    Observe  the  order  of  increasing  effect : 

KCl<NaCl<NH4Cl. 

Snlpbnr  roll. — Gronnd  and  pat  throagb  a  48-sieve ;  formed  a  hard,  solid,  brittle  mass, 
but  the  original  grains  were  easily  distinguishable,  there  being  no  trace  of  a  true 
liquefaction. 

SEVENTH  TEST. 

Powdered  glass. — ^No  effect ;  scarcely  coherent. 

Powdered  rosin. — Very  good  fusion. 

Powdered  borax. — ^A  compact,  chalk-like  mass,  »Ug%iljf  translucent ;  no  crystalliza- 
tion. 

Powdered  sine  and  snlpbnr.— No  trace  of  fusion  or  chemical  union  apparent.  Car- 
bon disulphide  dissolved  out  the  sulphur  so  completely,  that  the  remaining  zinc 
gave  a  mere  trace  of  snlphureted  hydrogen  on  treating  with  hydrochloric  acid. 
The  zinc  was  slightly  coherent,  but  there  was  no  fusion  and  no  zinc  sulphide 
formed. 

After  obtaining  the  above  resalts  it  seemed  useless  to  continue  this 
line  of  experiments,  and  preparations  were  made  to  use  more  rigid  steel, 
by  which  it  was  hoped  that  pressures  of  at  least  10,000  atmospheres 
might  be  obtained ;  also  for  making  the  compressions  in  vacuo.  Un- 
fortunately  thus  far  nothing  but  preparations  have  been  made,  since 
the  testing-machine  is  kept  fully  occupied  with  the  special  work  of  the 
department  to  which  it  belongs.  It  is  hoped,  however,  that  this  inves- 
tigation will  soon  be  taken  up  again  and  carried  to  a  close ;  till  then 
our  conclusions  are  only  temporary. 

The  above  substances  were  also  compressed  by  W.  Spring^  in  vacuo 
with  the  following  results: 

Lead. — ^Perfect  fusion  at  a  pressure  of  2,000  atmospheres.    At  a  pressure  of  5,000  atmos' 

pheres  it  ran  out  of  all  the  cracks  (fentea)  of  the  apparatus. 
Bismuth. — At  a  pressure  of  6,000  atmospheres,  ])orfoct  fusion. 
Tin. — At  a  pressure  of  3,000  atmospheres,  fusion. 
Zinc. — ^At  a  pressure  of  5,000  atmosphereH,  perfect  fusion. 
Antimony. — ^At  a  pressure  of  5,000  atmospheres,  beginning  of  fusion. 
Sulphur,  prismatic. — At  a  pressure  of  5,000  atmospheres,  fusion  to  the  octahedral  form* 
Sulphur,  plastic. — At  a  pressure  of  6,000  atmospheres,  fusion  to  the  octahedral  form. 
Sulphur,  octahedral. — At  a  pressure  of  3,000  atmospheres,  fusion  to  the  octahedra. 

form. 
Potassium  chloride. — At  a  pressure  of  5,000  atmospheres,  perfect  fusion. 
Sodium  chloride. — ^Ata  pressure  of  5,000  atmospheres,  perfect  fusion. 
Ammonium  chloride. — At  a  pressure  of  4,000  atmosphereH,  perfect  fusion. 
Sodium  sulphate  (lOHjO). — At  a  pressure  of  3,000  atmospheres,  perfect  fusion. 
Zinc  sulphate  (7HiO). — At  a  pressure  of  5,000  atmospheres,  perfect  fusion. 
Copper  sulphate  (5HgO). — At  a  pressure  of  6, 000  atmospheres,  completely  crystallized. 
Sodium  carbonate,  dry. — At  a  pressure  of  5,500  atmospheres,  stuck  toget\n'T(agglomer^). 
Iceland  spar. — At  a  pressure  of  6,000  atmospheres,  imperfect  fusion. 
Borax  (crystallized). — At  a  pressure  of  7,000  atmospheres,  imperfect  fusion. 
Glass  (powdered). — At  a  pressure  of  6,000  atmospheres,  no  effect. 
And  so  on  to  the  end. 


'Bull,  de  TAcad.  R. de  Belg.,  ii,  xlix,  1880.     (See  foot-note  on  page  75.) 
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Excepting  the  last  foar  substances  mentioned,  oar  resnlts  are  directly 
opposed  to  those  of  Spring,  bat  support  the  criticisms  of  Friedel  and 
Januetaz. 

CONCLUSIONS. 

Conclusions  at  this  stage  of  the  investigation  are  necessarily  prema. 
tnre  and  tentative ;  still  it  may  not  be  out  of  placo  to  summarize  the 
results  of  these  and  other  experiments. 

It  seems  established  that  pressure  alone  can  not  truly  liquefy  a  solid, 
i.  e.,  diminish  its  rigidity.  Consequently,  we  can  scarcely  expect  chem- 
ical and  crystalline  changes  by  pressure  alone.  Solids^can  be  made  to 
flow  and  act  in  that  respect,  as  liquids,  by  pressure,  which  overcomes 
the  rigidity  without  diminishing  it.  In  this  case  the  time  allowed  for 
the  motion  is  of  vital  importance. 

Whether  further  investigation  will  alter  these  conclusions  or  not  is  a 
question  of  time;  at  present,  I  believe  them  the  only  true  ones  to  be 
drawn  from  the  available  facts. 
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PBLJ>8PAB.     FROM    A    FELDSPATHIO    MICA    SCHIST,  OENTBAL    SHAFT 

OF  THE  HOOSAO  TUNNEL,  MASS. 

[Collected  by  J.  E.  Wolff.    Analysis  by  R.  B.  Biggs.] 

SiO, 69.69 

A]-0, 18.60 

FejOa ^ trace 

CaO trace 

MgO 20 

Na,0 10.28 

KaO 40 

Ignition .42 

99.59 

TWO   FSLDSPABS.     FROM  THE  POEPHYBITIC  MICA  SCHIST  OF  GEBY- 

LOCK  MOUNTAIN,  MASS. 

(Collected  by  J.  E.  Wolff.    Analyses  by  R.  R.  KiR;;8.] 

I.  II. 

SiOj. t  68.08  67.83 

Al.,03,Fea03 20.11  19.92 

MnO trace  trace 

CaO trace  trace 

MgO trace  trace 

Na^ 11.  to  11.  C5 

K«0 .36  .25 

Ignition .31  .12 

99.86         99.77 

In  neither  case  does  the  Fe^Oa  exceed  .5  per  cent. 


• 


THEEE  FELDSPAES  FEOM   DELAW.VEE. 
(Separated  by  J.  8.  DiUer  from  rocks  collected  by  Prof.  F.  D.  Chester.    Analyses  by  K.  B.  Riggs.] 

A.  Specific  gravity,  2.592-2.877.     From  a  typical  gabbro.    Brandy- 
wine  Creek. 

B.  Specific  gravity,  2.592-2.749.    From  Iron  Hill  hyperite,  changing 
to  diorite.    Near  Whitaker's  ore-pit. 
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C.  Specific  gravity,  2.692-2.780.    From  a  typical  byperstbene  gabbi 
Fifth  and  Van  Butcd  streets,  Wilmington. 

As  B«  \j» 

SiOii 7^.37  44.09  51.44 

AlaOs 18.36  35.41  30.05 

FesOs.. - .58  .51  .96 

MnO trace  trace          

CaO 5.08  18.47  13.19 

MgO .04  none  trace 

NaaO 4.32  .99  4.07 

K9O .63  .19  .21 

Ignition .45  .35  .35 

99.83        100.01  100.27 

B  is  evidently  anortbite. 


TBIASSIO  SANDSTONE  FROM  MARYLAND. 

A  hard,  compact  building  stone,  from  the  Jaittelle  quarry,  near  Ha 
cock.    Color,  rich  reddish  brown.     Analysis  by  F.  W.  Clarke. 

A.  Analysis  by  fusion  with  alkaline  carbonates. 

B.  Analysis  by  solution  in  strong  HCl. 


A. 

Ignition 2.79 

SiOa 76.43 

AliOa,  FeiOa 17.78 

CaO 84 

MjjO 92 

MnO tr^ce 

Alkalies undet. 


B. 

Insoluble .88.68 

FesOs 7.13 

CaCOn 1.32 

MgO 66 

n,0 2.20 


99.99 


98.76 


Residue  nearly  white. 


LIMESTONE   FROM  THE  AUGLAIZE   RIVER,  NEAR  DEFIANCE,  OHIO 

Highly  bituniinoas.    Nearly  black,  renenibling  a  slate.    Contaius  visible  pyrite.    Partial  analysii 

J.  Edward  Whitfield.] 

Ignition 24.03 

SiO: 39.95 

Fe^OijAl.Oa 20.22 

MnO trace 

CaO 10.06 

MgO 2.92 

Alkalies nndet. 

S  (pyritic) iiiidot. 

97.18 

COa  in  carbonates - 12.49 

Organic  carbon 5.29 
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3*17£LyS  ROCKS  FROM  MENOMONEE  BIVEB,  MICHIGAN  AND  WlSCOIi 

[Collected  by  R.  D.  Irving.    ADalyeee  by  R.  B.  Riggs.] 

A.  Massive  diabase.    Lower  Qninnessec  Falls,  Wisconsiu  side. 

B.  Green  chloritic  schist.    Shore  just  below  Lower  Quinnessec  F 
isconsin  side. 
G.  Light  gray  gabbro,  from  near  B. 

D.  Schistose  gabbro,  a^oining  G. 

E.  Silvery  schist,  adjoining  D. 

F.  Light-colored  gabbro.    Barrier  Kock,  at  Sturgeon  Falls,  Mich 
ide. 

6.  Adjoining  and  similar  to  F ;  altered  and  somewhat  schistose. 
H.  Silvery  schist,  adjoining  G. 

L  Uralitic  gabbro.    Barrier  Rock,  Big  Quinnessec  Falls. 
J.  Dark-gray  granite.    Small  cove  just  below  the  "  Horse-Kace," 
uinnessec  Falls,  Wisconsin  side. 

K.  "Augengneiss,^  with  red  feldspar.     Lower  end  of  "  Horse-lii 
ig  Quinnessec  Falls,  Michigan  side. 
L.  Porphyroid.    Just  below  Big  Quinnessec  Falls,  Wisconsin  sid 


0,. 

U2O3 
^eo.. 
C?aO., 

H,0  .. 
CO,  ., 


A^lA 

^^^0, 

^eO 

O»0 

^JgO 

><a.:0 

^.0 ^ 

^I;0 

C)0i 


A. 

43.80 

16.08 

9.47 

10.  r>o 

7.81 
6.54 
1.96 

.34 
3.99 

0.8 

100.  57 

G. 

38.  05 

24.  73 

a.  t):> 

6.08 

1.'^') 

11.  58 

2. 54 

1.94 

7. 53 

.93 

100. 28 


B. 

44.  49 

10.37 

5.  07 

5.50 

7.94 

7.50 

2.59 

.56 

4.99 

5.38 

100.  39 

II. 

45.70 
16.  53 
4. 63 
3.  89 
4. 28 
9.  57 
.  55 
3.82 
4.70 
5. 95 

99. 62 


C. 

47.96 

16.85 

4.  33 

4.17 

13.  25 

9. 15 

1.25 

.30 

2.89 

.08 

100.  -^3 
I. 


18.  ;'.5 


15.  40 

4.04 

4.63 

10.  :w 

11.61 

1.87 

.  35 

3.  60 

.08 

100.  31 


I). 

49.  19 

18.71 

5.  03 

4.04 

5.  92 

7.98 

1.44 

.77 

5.  05 

1.82 

91).  95 

J. 

54.  83 

27).  49 

1.61 

1.65 

6.08 

1.  96 

5.  69 

1.-7 

1.18 

.18 

100. 54 


E. 
4(>.  21 

3.30 
3.90 
6.28 
7.03 
2.14 


•I- 


3.  82 
8.32 

99.  73 

K. 

67. 77 

16.61 

2.  06 

1.1*6 

1.87 

1.  2(; 

4.  35 

2.  35 
1.69 

.19 

100.11 


ROCKS   FROM  PIGEON  POINT,   MINN. 
ICoUocUkI  by  K.  I).  Irviup.] 

A.  Average  granite  rock.    Analyst,  W.  F.  nillebrand. 

B.  Bed  granite,  part  of  A.    Analyst,  J.  Edward  WbiMield. 
0.  Soda  orthoclase  from  A.    Analyst,  J.  Edward  Whitfield. 

Bull.  55 — -6 
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D.  Altered  qaartzite  in  contact  with  B.    Analyst,  J.  Edward  Whit- 
field. 

E.  Typical  olivine  gabbro.    Analyst,  W.  F.  Hillebrand. 

F.  Augite  from  gabbro ;  partial  analysis.    Analyst,  B.  B.  Biggs« 
6.  Bock  occurring  between  A  and  E.    Analyst,  W.  F.  Hille'brand. 
H.  Qaartz  porphyry.    Analyst,  W.  F.  Hillebrand. 

I.  Mottlings  (greenish)  from  H.    Analyst,  W.  F.  Hillebrand. 

J.  Gronndmass  of  H.    Analyst,  W.  F.  Hillebrand. 

E,  L,  M,  N,  O,  P,  Q,  B.  Altered  quartzites.    Analyst,  B.  B.  Biggs. 


SiO,.. 

TiO«.. 

AI2O3. 

FeiOs 

FeO.. 

MdO 

CaC. 

SrO  .. 

BaO.. 

MgO  . 

KaO:. 

N&iO. 

Li,0.. 

H,0.. 

P,05.. 

CI.... 
8O3... 


310... 
TiOi  . 

Fe.Oa 
FcO  . . 
MnO 
DaO.. 
5rO  -. 
BaO . 
M^O 
K^O  . 
Na:0 
LiaO. 

n^o . 

PiOo.. 
Di.... 


A. 

B. 

C. 

D. 

E. 

72. 16 

68.36 

65.00 

63.82 

49.88 

.39 

1.57 

2.66 

1.19 

12.98 

13. 76 

18.22 

14.65 

18.55 

.67 

2.65 

2.64  ' 

3.16 

2.06 

2.99 

2.75 

5.12 

8.37 

.09 

trace 

none 

.09 

.65 

.70 

1.06 

.70 

9.72 

T 

iindet. 

undet. 

trace 

.15 

nndot. 

uudet. 

.02 

.57 

.68 

.06 

2.08 

5.77 

4.94 

4.48 

4.18 

2.81 

.68 

3.4-2 

3. 5(> 

8.40 

1.95 

2.59 

none 

none 

none 

none 

1.20 

.98 

.46 

2.62 

1.04 

.20 

.33 

.19 

.16 

trace 

.m 

.33 

trace 

100.41 

100.48 

100. 02 

100.09 

100. 12 

F. 

G. 

11. 

I. 

J. 

4S.31 

57. 98 

74. 00 

77.70 

70. 57 

l.iH 

1.  75 

.34 

.30 

.42 

•  2.  90 

13.  r,s 

12.01 

7.67 

9.21 

4.GH 

3.11 

.78 

0. 00 

1.G7 

14.  lo 

8.68 

2.  61 

3.29 

3.94 

.13 

.05 

.04 

.05 

15. 10 

2.01 

.85 

.20 

.73 

trace 

trace 

? 

trace? 

.04 

.12 

none 

none 

11.3t 

2. 87 

.42 

1.83 

1.51 

3.44 

4.33 

1.04 

1.02 

3.  5() 

3.47 

1.96 

3.07 

trace 

trace? 

trace 

trace 

2.47 

.80 

2. 30* 

1.89 

.  29 

.00 

none 

trace 

trace 

trace 

f 

09.91 

9i).  93 

100.  00 

100. 03 

*  Bv  <liirorouco. 
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K. 

.••••  ••••  ••••••••••••••••••••••••••••  73. 14 

....^.-.  .04 

12.60 

7.57 

1.31 

• trace 

.43 

......' andet. 

-- undet. 

1.67 

1.78 

1.00- 

oa .83 

100.37 

O. 
72.25 

trace 

10.73 

; 8.01 

38 

'- trace 

.42 

, undet. 

undet. 

1.85 

2.03 

2.56 

lion 2.05 


100.28 


L. 

M. 

N. 

71.00 

74.22 

73.65 

.44 

.16 

traceT 

12.88 

10.61 

1L08 

6.69 

7.45 

7.24 

.65 

.85 

.77 

trace 

nohe 

trace 

.21 

.56 

.40 

undet. 

undet. 

undet. 

undet. 

undet. 

undet. 

1.68 

1.48 

1.52 

1.43 

2.12 

1.67 

2.95 

1.08  . 

L65 

2.03 

1.79 

1.88 

99.96 

100.32 

99.86 

P. 

Q. 

R. 

83.69 

73.64 

59.71 

trace? 

trace 

trace 

7.50 

11.25 

18.32 

1.81 

6.24 

8.11 

.38 

1.04 

.85 

trace 

none 

none 

.39 

.36 

1.05 

undet. 

undet. 

undet. 

undet. 

undet. 

undet. 

.35 

1.57 

3.54 

2.46 

3.04 

1.93 

2.61 

1.42 

3.43 

.72 

1.98 

3.24 

99.91 

100.54 

100. 18 

TWO  BOOKS  FROM  MONTANA. 
[Collected  by  A.  C.  Pcalo.    Analyaos  by  T.  M.  Chatard.  | 

..  From  Cottouwood  Creek.    B,  Hills  east  of  Fori  Ellis. 


HaO 

SiOi 

TiOi : 

P.05 

S03 - 

AlaOj 

Cr«03 

Fe^Os ^ 

FeO 

MnO 

BaO 

SrO 

CaO 

MgO 

K,0 

Na,0 


A. 

B. 

3.19 

5.42 

51.65 

46.90 

.55 

♦      .41 

.21 

.44 

.19 

13.89 

10.17 

.08 

.33 

2.70 

1.22 

4.80 

5.17 

.15 

.10 

.19 

undet. 

4.07 

6.20 

11.56 

20.98 

4.15 

2.04 

2.99 

1.16 

100. 37        100. 54 


WASHINGTON   LABORATORY.  (buu^M^ 

^arations  firom  B.    Partial  analyses. 

GroandnuMs.    Pyrozeiie. 

IgQitioQ 5.40         

SiOa 65.58  51.95 

AlaOs (    14.94  4.21 

Fe«03 i    little        

FeO 5.90 

CaO .3.60  23.32 

MgO 3.45  13.81 

99.19 
FIFTEEN  BOCKS  FROM  CALIFORNIA. 

te4  by  J.  S.  Dillor.    AnalysM  A,  B,  C,  by  T.  M.  ChaUrd ;  D,  by  W.  F.  HiUebnnd  and  T.  M. 
Cbatard  ;  £.  by  K.  B.  Riggs;  and  tbe  remain  ier  by  W.  F.  Hillebrand.] 

Basalt,  from  1  mile  southeast  of  Paiue's  Creek,  ou  road  from  Bed 

to  Liissen  Peak. 

Ancieut  lava.    Old  crater  at  head  of  Mill  creek. 

Lava,  from  Buntiugville. 

Basalt.    Top  of  Inskip  Grater,  25  miles  east  of  Bed  Blaff. 

Lava.    Above  falls  on  south  fork  of  Bear  Greek,  Shasta  Gounty. 

Basalt.    Ciuder  Coue,  10  miles  iiortheast  of  Lassen  Peak. 

Basalt.    One  mile  east  of  summit  of  Cascade  Kange,  on  road  from 

Klamath  to  Crater  Lake. 

Audesite  lava.    One  mile  west  of  Summit,  on  Bidwell's  Eoad, 

)  County. 

Lava.    West  end  of  Butt^  Mountain,  Plumas  Gounty. 

Andesite.    Tuscan  Buttes,  7  miles  east  of  Red  Blufif. 

Ancient  hiva.    Northeast  of  Willow  Lake,  near  Geyser,  Plumas 

ty. 

Lava.    Two  miles  northwest  of  Deer  Creek  meadows. 

Lava.     Slate  Creek,  west  of  Deer  Creek  meadows. 

Lava.    Slate  Creek,  northwest  of  Deer  Creek  meadows  Lassen 

Lava.     Summit  of  Mount  Stover,  Plumas  County. 

A.  B.  C.  D.  E. 

47.1U  57.11  ey.t^O  .^>0.89  6d.lO 

.7:5  .9")  .'21  .79  .16 

18.51  17.78  17.J9  16.76  15.50 

2.07  3.54  2.:n)  3.86  3.20 

7.25  2.74  .21  4.69  none 

.•CO  .33  .12  .13  trace 

11.14  7.21  3.01  11.72  3.02 

trace?  .04           trace 

.03  .03  trace  .06 

9.03  3.41  ,CA\  8.49  .10 

.24  1.86  1.69  .32  3.13 

2.28  3.81  G.U  2,61  4.20 

. none 

.76  .93  1.34  .41  2,72 

.11  .26  .12  .09  .03 

100.25    100.01    100.11    100.76    100.21 
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F. 

O. 

.     H. 

I. 

J. 

57.25 

57.47 

55.20 

55.53 

60.93 

.60 

.75 

.92 

.56 

.61 

16.45 

18.86 

18.68 

17.63 

18.56 

1.67 

2.21 

3.14 

2.81 

2.68 

4.72 

4.08 

4.42 

3.59 

2.19 

.10 

.10 

.14 

.08 

.10 

7.65 

7.42 

8.02 

8.74 

6.63 

trace 

.11 

.02 

.06 

.12 

.03 

.03 

.03 

.02 

.02 

6.74 

4.27 

4.59 

5.85 

2.«7 

1.57 

.73 

1.01 

.92 

1.33 

3.00 

3.85 

3.66 

3.09 

3.79 

none 

none 

none 

none 

none 

.40 

.22 

.5r 

1.24 

.90 

.20 

.24 

.24 

.21 

.18 

100.38 

100.34 

100.58 

100.33 

• 

100.41 

K. 

L. 

M. 

N. 

0. 

74.24 

74.65 

r3.62 

73.64 

72.40 

.20 

.21 

.21 

.11 

.18 

14.50 

14.11 

14.24 

13.44 

14.81 

1.27 

1.08 

.93 

.60 

.81 

.67 

.29 

.67 

.74 

.88 

.06 

.11 

.08 

.06 

.07 

.11 

.80 

1.07 

1.26 

1.94 

trace 

trace 

trace 

.02 

.04 

.18 

.08 

.10 

.11 

.10 

.25 

.20 

.33 

.26 

.47 

3.66 

4.59 

4.28 

4.50 

3.J0 

3.00 

2.81 

3.25 

3.51 

3.91 

none 

none 

none 

trace 

trace 

2.04 

1.40 

1.29 

1.99 

.59 

.07 

trace 

.02 

.06 

.03 

.03 

100.28        100.33        100.09        100.30        100.13 


ORES  OF  IRON  AND  MANGANESE. 

Iron  ore  from  land  of  William  Tabb,  3  miles  from  Catherine  Fnr- 
,  Spotsylvania  County,  Va. 

[Analysis  by  J.  Eilward  Whitfield.] 

A. 

SiOa 4.97 

Fe 53.39 

Mn .60 

8 .09 

P .66 

.  Iron  ore,  Charch  Mountain  Mine,  Rockingham  Connty,  Ya. 
.  Manganese  ore,  same  locality. 


86  WASHINGTON  LABORATORY.  [bull  65. 

( Anklyses  by  F.  W.  CUrke.] 

B.  C. 

Ignition 12.78  Ignition-..., 11.30 

Insoluble 12.70  Insoluble 22.11 

Pe 43.60  FeaOa^AlgO, 5.14 

Mn 8.45  Mn 39.20 

S .\.     none  Co 2.48 

P 14 

The  maDganese  ore  contains  no  manganese  dioxide.    Its  high  pel 
centage  of  cobalt  is  noteworthy. 

D.  Iron  ore.    Bidge  north  of  Clinch  Biver,  5^  miles  above  Stool 
creek,  near  and  just  west  of  Peckover  Mill,  Wise  County,  Va. 

[Analyais  by  T.  M.  Chataid.] 

D. 

SiOa...y 14.75 

Fe 48.97 

MnO 12 

S 83 

P .• 067 

E.  Eastern  extension  of  Cranberry  bed,  three-fourths  mile  east  of 
Cranberry  Creek,  Mitchell  County,  K  C. 

F.  Western  extension  of  Cranberry  bed,  Hardy  Graves'  tract,  one- 
fourth  mile  southwest  of  Elk  Park,  Mitchell  County,  N.  C. 

Both  samples  are  magnetite. 


[Collected  b}-  J.  K.  Proctor.    Analyzed  by  T.  M.  Chatard.] 


SiOj. 
Fe... 
MdO 
S  ... 
P.... 


E. 

F. 

25.  27 

27.65 

45.  43 

42. 77 

.54 

.59 

.07 

.08 

.009 

.007 

G.  Iron  ore.    Northwest  part  of  Sevier  County,  Ark, 

H.  Manganese  ore.    Southwest  part  of  Polk  County,  Ark. 


[Analyses  by  J.  Edward  Whitfiold.] 


SiOi 
Fe.. 
Mn  . 
S... 
P  ... 
Ti.. 


G. 

H. 

12.  01 

4.80 

42. 85 

11.36 

6.59 

13. 95 

.11 

1.48 

trace 

The  manganese  ore  contains  little  dioxide. 

I.  Two  samples  iron  ore,  from  Atalla,  Ala. ;  a,  from  outcrops;  Z>,  250 
feet  below  surface. 

[Analyses  by  II.  B.  Kiggs,  as  called  for. J 


Fe.. 
CaO 
CO3 


A. 

B. 

57.52 

7.75 

1.38 

47.64 

.30 

34.90 
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J.  Iron  ore.    Farm  of  C.  J.  OarrisoD,  Boss  County^  Tex. 

[Analysis  by  J.  Edward  Whitfield.] 

SiO, 14.53 

Pe  48.56 

8 -...: 41 

P 405 

GOALS. 

A.  Lignite.    Near  light-honse,  Oay  Head,  Martha'n  Vineyard,  Mass. 

[Collected  by  N.  8.  Shsler.    Analysis  by  J.  Edward  Whitfield.] 

.    Moisture 10.25 

Volatile  hydrocarbons 43.09 

Fixed  carbon 34.90 

Ash U.76 


100.00 

Ash  red.    Coal  burns  well,  but  is  very  friable. 

B.  McNew  coal  bank,  Powell's  Mountain,  Scott  County,  Va. 

C.  Horton   mine,  south  side  Powell's  Mountain,  near  base,  Scott 
County,  Va. 

B.  Bear- pen  branch,  Chimney  Eock  fork  of  Stony  Creek,  Scott  County, 
Va. 

E.  Ilogan's  cannel  coal.    East  fork  of  Staunton  Creek,  Scott  County, 
Va. 

F.  Coke  from  C. 

[Collected  by  J.  R.  Procter.    Analyses  B,  C,  D,  E,  by  F.  W.  Clarke;  P,  by  W.  F.  Hillebrand.) 

B.  C.  D.  E.  F. 


Moisture 1.92  1.19  1.29  .39  .35 

Volatile  hydrocarbons 33.4'^  33.  T4  30.30  37.15  


Fixedcarbon 55.62  5?^.92  63.27  42.05  91.36 

Ash .' 9.04  6.15  5.08  20.41  8.29 


100. 00        100.  00        100. 00 

ColLe Good  Good  Good 

Ash Reddish     Reddioh         


100. 00 

100.00 

Good   6... 

.68 

P.. 

.034 

G.  Burnet  County,  Tex, 

[AnalyHis  by  J.  Edward  Whitfield.] 

Moistaro 3.72 

Volatile  hydrocarbons 42.27 

Fixed  carbon 39.41 

Ash 14.60 


100.00 

Ash,  dark  gray.    Coke  poor,  dark,  and  friable. 

IRON  AND  STEEL. 
[Two  samples,  analyzed  by  J.  Edward  Whitfield  for  the  Ordnance  Corps,  U.  S.  A.] 

A.  Sample  from  a  Gruson  chilled  cast  iron  armor  plate,  tested  by  the 
Italian  Government  at  Spezia,  April  20-29,  188G. 

B.  Hardened  steel  from  43  cm.  Krupp  shell,  fired  at  Gruson  plate 
"A,"  April  29,  1886. 
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Fe 93.91 

Mn 

Ni+Co 

AI trace 

Ca 

8i 

P 

S 

Graphitic  C 

Combined  C 


A. 

B. 

93.91 

96.00 

1.75 

.46 

.58 

.12 

trace 

.26 

.20 

.  86 

.23 

.31 

.02 

.14 

.04 

.81 

.03 

2.04 

.88 

100.60 


100.16 


NITRE  FROM  UTAH. 


[Analysis  by  T.  M.  Chatard.] 


found. 

Inaoluble 12.12 

HjO 1.24 

SiOs,  AlaOa 20 

CaO r 1.43 

MgO trace 

Na 03 

CI 05 

80s 2.05 

KaO 38.38 

Na^O 12 

N2O5 44.30 


Probable  combination. 
Insoluble 12.12 


HaO.. 

SiOj,  AltOs 

NaCl  

CaS04 

NaNOs 


1.24 

20 

08 

3.48 

33 

KN08 82. 47 


99.92 


99.92 


SALT  FROM  WARSAW,   N.   Y. 
Increscent  Fine "  brand,  made  from  local  brine.    Analysis  by  T.  M.  Chatard.] 


As  analyzed. 
.       1. 590 
.008 


H2O 

I  CaS04 

Insoluble?  Al.O:, OSO 

(  SiO: 082 

SiOi 003 

AI2O3 OOf) 

CaO 487 

MgO 040 

SOa 442 

CI 59.  370 

Na,0 51.410 


Less  oxygen 


113.518 
13.  :\so 


U2O 

Insoluble  ., 
CaS04  .... 

CjiCli , 

MgCh  .... 


Probable  combination. 

1.59 

17 

75 

45 

11 


NaCl 97.34 


100.41 


100.  138 
Needed,  soda,  to  satisfy  acids  .        .272 


100.410 


I 
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TWO  CLATS  BBOM  SHOBE  OF  OWEN'S  LAKE,  OAL. 

ICoUeeted  and  analysed  by  T.  H.  Chatard.1 

Sandy  clay.  Blae  clay. 

HiO  expelled  at  llO© 1.41  2.05 

HsO  expelled  at  red  heat 2.73  2.40 

CO, a75  7.24 

SiOi 53.24  54.92 

TiO, 4.  .25  .30 

Al^Os 10.84  11.25 

FetOj 2.59  2.77 

FeO 77  .94 

MnO 10  .08 

CaO 9.18  8.76 

MgO 5.82  4.91 

KiO 2.64  2.77 

Na,0 2.06  2.10 

80» 08  trace 

CI 05  trace 

100. 51  100. 49 

Solable  in  water 1.26 

OLAT,   SAND,  ETC.,  FROM  MABTHA'S  YINEYABD,  MASS. 
LCollected  by  N.  8.  Shaler.    Partial  analyaea,  aa  called  for.] 

A.  Average  sample  of  white  clay,  east  end  of  Ghilmark  cliffs. 

B.  Average  sample  of  clay,  north  end  of  Gay  Head  cliffs. 

C.  Sandy. white  clay,  south  end  of  Gay  Head  cliffs. 

D.  Average  sample  of  southernmost  red  clays,  Gay  Head. 

E.  Average  sample  of  fine  white  clay,  south  end  of  Gay  Head  cliffs. 

F.  Average  sample  of  fine  clay  and  soil,  east  end  of  Weyquosque  cliffs. 

G.  Brown  clay,  300  feet  south  of  lighthouse,  Gay  Head. 

H.  Average  sample  of  red  clay  from  the  greensand,  north  end  of 
Gay  Head. 
I.  Average  sample  of  clays,  Weyquosque  series,  Ghilmark  cliffs. 
J.  Pyritiferous  clay,  central  part  of  Gay  Head  section. 
K.  Clay  containing  pyrite,  west  end  of  Ghilmark  cliffs. 


[ADalysea  by  F.  W.  Clarke.] 


A. 


Ignition 3.47 

SiOi 82.95 

AljOajFejOs 13.45 

CaO none 

MgO trace 

NaaO 

K,0 

SOj 

P3O1 none 

99.87 


B. 

C. 

D. 

£. 

11.47 

10.79 

9.83 

6.36 

49.19 

5().19 

57.50 

73.46 

39.77 

30.65 

31.21 

19.06 

none 

none 

.19 

none 

trace 

trace 

.20 

trace 

::::::  \ 

.40| 

.70 
.73 

2.45 

none 

none 

none 

none 

none 

100. 43 

100.  Od 

99.33 

100.31 
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Ignition.... 
SiOi 

AlsOs,  FesOs. 
CaO........ 

MgO 

Na«0 

K9O 

SO3 

Pi05 


F. 

G. 

U. 

I. 

J. 

3.39 

7.57 

9.98 

5.76 

5.e» 

70.81 

56.62 

55.93 

61.76 

72.74 

20.67 

31.24 

33.51 

25.35 

21.46 

trace 

trace 

none 

.51 

DODe 

1.99 

1.97 

.19 

1.95 

tnee 

1.23 

.40 

nndet 

1.83 

1.67 

2.76 

andet 

3.01 

none       none       Done      trace 


Done 


99.76    100.56      99.61    100.17      99.89 

K. 

SiOa 1 47.76 

AlaOa.FeaOs 30.93 

FeSi 7.27 

SO3 43 

CaO none 

MgO 38 

KaO. : 1.17 

NajO undet 

IlaO nndet 

PjOs trace 

L.  Average  sample  of  pho^phatic  nodules  from  the  greeusand,  north 

end  of  Gay  Head  cliff. 
M.  Average  sample  of  fossil  bones,  Gay  Ilead. 
N.  Greensand,  northernmost  exj>08ure,  Gay  Head. 
O.  Greensand,  north  end  of  Gay  Head. 
P.  Average  sample  of  white  sand,  Gay  Head  section. 

[Partial  uDaljRt'H  by  K.  B.  Ui^gs.] 


SiOa.. 

Al>0. 

FC2O3 

CaO.. 

M-O 

NajO  . 

K>0.. 

CO,  . . 

P.Oft.. 


h. 

M. 

N. 

0. 

P. 

17.  82 

78.69 

.---.. 

15.04 
.60 

25.73 

27.21 

1.09 

.  65 

trace 
uudet. 

undet. .  If)? 

.50. 
.97 

.38 
3.87 

.33 
4.1c 

.19 
1.09 

2.  ()0 

3.28 

.](j 

.14 

23.  ed 

27. 80 

.48 

.22 
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WATER  FROM  PARIS,  ME. 

[Wmm  *  Itfge  spriog  on  the  fiurm  of  William  E.  Cooper.    Aiuilysii  by  F.  W.  Clarke.    Stated  in 

grammes  per  liter.] 


Per  cent,  of 
VooDcL  total  solids. 


SiOi 0.0170 

SO4 3696- 

CQi 0754 

CI trace 

K 0012 

Na 0262 

Ca 1357 

Mg 0158 

Fe 0021 

H  (bicarbonate) 0008 


2.64 
57.41 
11.71 

.19 

4.07 

21.08 

2.45 

.33 

.12 


Hypothetical  combination. 

SiO 0.0170 

K3SO4 0027 

Na8S04 0809 

CaS04 4440 

CaH«(C03)i 0206 

MgHa(C03)i 0391 

MgCOs 0328 

FeH2(C03)i 0067 


0. 6438 


0.6438    100.00 


WATERS  FROM  SAVANNAH,  GA. 


(Partial  analyses  by  R.  B.  Biggi*.    Stated  in  parts  per  million.] 

SavaDoah  River,  taken  at  high  water,  Augast  17,  188G. 
Savannah  River,  taken  at  low  water,  August  17,  1886, 
Artesian  well  adjoining  water- works. 


CI 

FreeNHs 

Albniiiinoid  NH3 
Iuor>^anic  solids 
Organic  solids  .. 


A. 

B. 

C. 

trace 

trace 

7.3 

none 

uoue 

none 

2.6 

1.0 

none 

45. 0 

40.0 

174.0 

22. 0 

15.0 

The  inorganic  solids  in  C  consist  mostly  of  carbonates. 


ARTESIAN   WELLS   IN   GEORGIA   AND   ALABAMA. 

[Partial  analyses  by  R.  B.  Riggi*.    State<l  in  parts  per  million.] 

A.  At  Albany,  Ga. 

B.  At  Sinithville,  Ga. 

C.  At  Americns,  Ga. 

D.  At  Montezuma,  Ga. 

E.  At  Fitzpatrick's,  Ala. 

A.         B.         C.         D.         E. 

TotalsolidvH 181.0  140.0  177.0  111.5  271.0 

CO: 96.5  G5.0  74.0  4'2. 0  93.0 

SO3 9.2  17.1  5.0  6.3  38.6 

SiO.. 27.0  13.0  43.6  2().2  40.8 

.AI2O3 1.0  truce  trace  trace  2.4 

CaO 21.8  6.4  48.4  11.2  19.8 

MgO 1.2  .2  .5  .14  1.6 

Examined  with  reference  to  use  in  steam-boilers.    Chlorides  and  alka- 
lies undetermined. 
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WATERS  FROM  ARKANSAS. 

A.  Happy  Hollow  SpriDg,  Hot  Springs. 

[  Aiudyais  by  B.  B.  Riggs.    Stated  in  gnmmM  per  liter.l 


Found. 

COj 0081 

CI 0030 

C» 0017 

N»(K) 0031 

SiOt 0052 

AltOs,  FesOs 0008 

Hs  (bicarbonate) 0001 

COs,  free 0220 


.0440 


Hypot]i0tioAl  oomUaattoa. 

NaCl 0049 

NaHCOs 0043 

CaH8(C0s)i 0068 

SiO,...^ 0062 

AUOs,  FeaOs 0008 


.0220 


COa,  free 0220 


.0440 


B.  Water  of  ^^  Potash  Salphar  Springs,"  8  miles  southeast  of  Hot 
prings,  Oarland  Gonnty. 

[Partial  analysis  by  F.  W.  Clarke  on  too  small  a  supply  of  water.    Stated  in  grammes  per  liter.) 


Found. 

SiO« 0275 

AlaOs 0020 

Ca 0032 

Mg none. 

H«S none. 

K 0227 

Na 2216 

CI 0405 

SO4 2027 


Per  cent,  of 
total  solids. 

4.13 

.30 

.48 


3.41 
33.28 

6.08 
30.43 


.  f»202 
CO3  by  diflferenco .  . .  .*  1458  21.  8^ 


Hypotbetloal  oombination. 
SiO, 0275 

AUOs 0020 

CaCOa 0080 

NaaCOs 2572 

NaaSO* 2988 

NaCl 0328 

KCl 0433 


.6706 


100.09  per  cent. 


. 6600        100.  00 


WATER  FROM  A  SPRING  NEAR  FORT  WINGATE,  N.  MEX. 

[Analysis  by  F.  W.  Clarke.    Stated  in  (grammes  per  liter.} 


Found. 

SIO2 0160 

K 0024 

Na 0156 

Ca 1350 

Mg 0361 

CI 006(> 

CO3 2127 

SO4 2822 

Ha  ( bicarbonate ) 0026 


Pf  r  cent,  of 
tot-al  solida. 

2.25 
.  35 

2.20 

19. 03 

5.09 

.93 

29.99 

39.  79 

.37 


Hypothetical  combination. 

SiOi 0160 

KCl 0046 

NaCl 0072 

N.t2S04 0395 

CaSO, 3620 

CaH:(C03): : 1153 

MgII>(C0,)2 0900 

MgCOj 0746 


.7092 


.  7092        100. 00 
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WATEB  FBOM  OWEN'S  LAKE,  OALIFOBNIA. 
f  Analyaia  by  T.  M.  Chatard.    Stated  in  grammes  per  kilo.    Sp.  gr.  106246, 16*.5.] 


Fonad. 

Na 26.837 

K L548 

A1,0, 023 

FeaOa 013 

Ca 014 

Mg 005 

8O4 7.060 

CI 18.215 

Br,  I,  H2S none 

CO, 18.266 

B4O7 338 

SiO, 262 

Hi  (bicarbonate) ...      .  050 


Per  cent  of 
total  solids. 

36.95 

2.13 

.04 

.02 

.02 

.01 
•9.71  , 
25.07 


25.15 
.47 

.36 
.07 


Hypothetical  combination. 

KCl 2.957 

NaCl 27.694 

NaiS04 10.443 

Na2B407 438 

NaaSiOa 464 

Na^COa 26.319 

NaHCOa 4.233 

CaCO, 0:J5 

MgCOs 013 

AhOa 023 

FesOa 013 


72. 632 


72. 631        100. 00 
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FOSSIL  WOOD  AND  LIGNITE  OF  THE  POTOMAC 

FORMATION. 


By  p.  H.  Knowlton. 


INTRODUCTION. 


VAXUE  OP  THB  STUDY  OF   INTERNAL  STBUCTUBB,  WITH  BRIEF  RB- 

yiBW  OF  ITS  PROaRESS, 

The  value  of  paleontology  to  stratigraphy  is  so  generally  recognized 
that  it  hardly  needs  to  be  emphasized.  Heretofore,  however,  the  evi- 
dence most  relied  on  has  been  derived  from  a  study  of  animal  fossils, 
the  reason  being  chiefly  that  there  have  been  more  paleozoologists 
than  paleobotanists  and  more  data  of  a  paleozoologic  character  have 
been  accessible.  Bat  paleobotany  is  gradually  coming  into  prominence, 
and  within  the  last  half  century,  particularly  within  the  last  decade,  it 
has  shown  a  wonderfully  increased  development.  Some  of  the  most 
eminent  botanists  of  the  age  have  devoted  their  lives  to  the  interpreta- 
tion of  this  class  of  facts,  and  it  has  developed  into  an  important  de- 
partment of  natural  science.  Much,  of  course,  remains  to  be  done,  par- 
ticularly in  this  country,  but  when  the  plant  deposits  are  as  thoroughly 
explored  as  the  animal  deposits  have  been,  stratigraphic  geology  will 
leeeive  much  valuable  aid. 

'  In  paleobotany  two  distinct  lines  of  investigation  have  been  followed, 
which  may  be  called  respectively  the  superficial  method  and  the  struct- 
oral  method. 

I  use  the  term  superficial,  not  in  the  sense  that  the  evidence  obtained 
by  it  is  untrustworthy,  but  because  it  takes  cognizance  of  the  external 
or  superficial  parts  of  plants.  It  deals  with  the  form  and  nervation  of 
leaves,  the  scars  and  striations  on  the  stems,  and  the  casts  or  impres- 
sions of  stems,  leaves,  and  fruits.  On  account  of  the  many  conditions 
necessary  for  the  successful  preservation  of  vegetable  remains,  it  most 
frequently  happens  that  they  are  capable  of  being  studied  only  by  this 
method.  Its  legitimate  application  is  seen  in  the  monographs  of  Heer, 
Ettingshausen,  Unger,  and  Lesquereuz. 

The  structural  method,  on  the  other  hand,  deals  with  what  must  be 
regarded  as  the  most  valuable  of  all  evidence — that  derived  from  inter- 
nal organization.  Leaving  out  of  view  the  superficial  considerations,  it 
concerns  itself  with  a  microscopical  examination  of  the  histological  ele- 
ments that  enter  into  the  composition  of  vegetable  tissues.    The  vari- 
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oas  tissue  aystems  are  dissected  aud  carefally  »tadied,  the  indiTidnal 
cells  are  measured  and  compared,  and  these,  together  with  markings 
upon  the  cell  walls  and  other  like  data,  form  a  sure  basis  for  the  correct 
interpretation  of  the  systematic  position  of  plants.  So  valuable  is  this 
method  that  Prof.  W.  G.  Williamson  was  led  to  say  that  '^  no  determina- 
tions respecting  fossil  plants  can  have  much  absolute  value  save  such 
as  rest  upon  internal  organization;  that  is  the  basis  upon  which  all 
scientific  recent  botany  rests,  and  no  mere  external  appearances  can 
outweigh  the  positive  testimony  of  organization  in  fossil  types."  ^ 

The  interest  aj;tached  to  this  class  of  investigations  has-been  greatly 
enhanced  of  late,  and  it  has  been  no  doubt  largely  due  to  modem  im- 
provements in  instruments  and  methods  of  research,  but  also  to  an  in- 
creased appreciation  of  their  value.  Certain  it  is  that  the  number  of 
students  in  this  field  is  being  constantly  augmented.  In  order  to  show 
that  the  growth  of  this  department  has  been  both  natural  and  constant, 
I  append  a  brief  r6sum6  of  its  progress  from  the  time  of  its  first  men- 
tion in  literature  down  to  the  close  of  the  year  1886.  In  the  prepara- 
tion of  this  bibliographic  review  I  have  been  greatly  aided  by  the  his- 
toric summaries  of  the  literature  given  by  Dr.  Ooppert  in  his  Mono- 
graphic der  fossilen  Gouiferen,'  and  by  that  of  Prof.  Lester  F.  Ward  in 
his  admirable  **  Sketch  of  Paleobotany."^  The  former  of  these  is  par- 
ticularly complete  in  the  literature  of  the  early  or  prescientiflc  period, 
but  closes,  as  indeed  does  the  latter,  with  the  year  1850.  Gonsequently 
I  have  referred  only  briefly  to  the  progress  made  prior  to  this  date,  bat 
have  aimed  to  make  it  as  complete  as  space  would  permit  for  the  time 
between  1850  and  188G. 

It  seems  hardly  probable,  as  Professor  Ward  has  so  pointedly  sug- 
gested,^ that  such  common  objects  as  pieces  of  petrified  wood  escaped 
all  observation  for  the  first  twelve  centuries  of  the  Christian  era ;  but, 
as  the  litcniture  of  that  period  contains  no  mention  of  them,  we^mnst 
sup{>ose  that  public  attontion,  at  least,  was  not  directed  to  the  subject 
That  travelers  and  people  engfaged  in  agricultural  pursuits  must  have 
observed  them  is  more  than  probable,  since  fossil  forests  are  now  known 
to  exist  in  northern  Egypt,  and  plant  beds  have  been  found  In  Italy^ 
Dalmatia,  and  other  countries  of  the  Roman  Empire.  This  fact  is  not> 
however,  without  its  parallel  in  other  departments  of  learning,  for  it  has 
been  often  shown  that  the  ancients  possessed  a  much  more  extensive 
and  profound  knowledge  of  nature  than  did  any  of  the  so-called  learned 
men  of  the  Middle  Ages. 

Probably  the  earliest  published  account  of  petrified  wood  is  that 


*  Ou  the  orgaiiizatiou  of  the  fonsil  plants  of  the  coal  measures.    Roy.  Soc.  Lon- 
don, Phil.  Trans.,  vol.  161,  part  ii,  1871,  p.  492. 
«  Leiden,  im).    Pp.  71-lW). 

m.  S.  Geol.  Surv.,  Filth  Ann.  Rep.,  Washington,  18t^5,  pp.  363-4C9. 
*Op.  cit.,  p.  3tf7. 
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given  by  Albertas  Magnas^  in  the  thirteenth  century,  although  the 
first  mention  of  it  has  been  attributed  to  Agricola  (1494-1555).  The 
writers  of  this  period,  however,  were  concerned  more  with  the  processes 
of  fossilixation  than  with  the  affinity  of  the  objects  described.  Thus 
Agrioola  supposed  petrification  to  take  place  by  penetration  of  a  succus 
lapidesoens  into  the  tissues  of  plants  and  animals,  and  Kentmann' 
(1518-15fi8)  described  a  process  by  whidh  fossils  could  be  produced  arti- 
ficially. Imperatns,'  Boyte,^  and  BromeP  likewise  wrote  of  the  process 
of  fossilization,  aud  Oordus,'  Klein,^  and  Matthiolus"  in  his  letter  to 
Bauhin  also  described  specimens  which  came  into  their  possession  or 
expressed  views  concerning  them.  * 

The  following  writers,  although  principally  interested  in  the  origin 
of  the  fossils,  actually  described  specimens.  Agricola  obtained  what 
he  supposed  to  be  fossil  ebony  (Ebenholz)  from  Hildesheim.  Oesner  ^ 
compared  specimens  which  he  obtained  with  the  following  living  spe- 
des:  Fir  (Elatites)^  alder  (Cletkrites)j  beech  (Pkegites)^  and  oak  {Dry lies). 
Under  the  name  of  Steleckitea  he  al^  described  a  stem  which  showed 
radimentsof  branches.  Albinus^®  described  a  large  birch  from  Ejra- 
kewitz,  in  Bohemia. . 

The  first  book  devoted  entirely  to  the  subject  of  fossil  wood  was 
pablished  by  Franciscus  Stelluti,  in  Borne,  in  1637,  with  the  following 
title:  ^'Trattato  del'legno  fossile  minerale  nnovamente  scoperto,  nel 
quale  brevemente  si  accenna  la  varia  e  mutabil  natura  di  detto  legno 
rappresentato  con  alcune  figure  che  mostrano  il  luogo  dove  nasce,  la 
diversity  delle  onde  che  in  esso  sive  dono  e  le  sue  cosl  varie  e  maravi- 
gliose  forme.''  Stelluti  recognized  the  resemblance  between  these  and 
recent  woods,  but  concluded  that  they  differed  so  widely,  in  having 
neither  roots  nor  branches,  in  burning  with  a  clear  flame  and  giving 
OQt  more  heat,  and  in  other  particulars,  that  it  was  impossible  to  sup- 
pose they  had  ever  been  living. 

In  the  seventeenth  century  the  writers  and  observers  began  to  be 
more  numerous.    Thus  we  find  Worman,^^  Robert  Hook,"  Balbinus," 

^  Beati  Albert!  Magni  de  mineraliboB  Tractatus^i,  Caput  vii,  Opera,  Lugdaui,  1651, 
Tol.  2,  p.  216. 

'NomeDclatnra  rerum  fossil.,  Tiguri,  1565. 

»Hi8t.  natur.    Neapel,  1599;  Venedig,  1672;  Coin,  1695. 

*£zerc  de  ntil.  et  pnest.     Phil.  Datur. 

*Lith.  Svec:  spec.  2.    Cap.  i,  $  iii.  • 

^Valer.  Cordi  adnot.  in  Pedacil  Dioscovid.,  etc.,  sylva  qua  rerum  fossilium  in 
Oermaoia,  eto.,  1651. 

^Balthasar  Klein  mentioned  in  Gdppert's  Monographie  der  fossilen  Couiferen, 
p.  73.     I  have  not  been  able  to  consult  the  book  directly. 

* Matthioli  epistol.  edit.  Baubini,  Lngd.,  1564. 

'Geaneri  de  rerum  tossilium,  lapidum.  et  gemmarum  maxime  figuris  et  similitudiui- 
bos  liber,  eto.    Tiguri,  1565. 

i^^Meissnisohen  Land-  und  Bergchronik  im  22.  Tit.,  S.  170.    Dresden,  1589. 

^^  Museum.  Wormian.  Lugd.  Batav.,  1655. 

"  Micrographia,  1667.  , 

"Bohnslav  Balbinus.    Miscell.  hist,  regni  Bohem.    Frag,  1679. 
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AbMdela  Boqne,^  Westphal,'  De  la  Hire,^  and  John  Morton^  all  men- 
tioning or  describing  specimens.  Edward  Lh wyd  *  was  the  first  to  apply 
the  term  LithoxyUm  to  petrified  wood.  He  seems  also  to  have  been  the 
first  to  appreciate  fully  the  value  of  paleontology  to  stratigraphy.- 

As  the  theories  of  fossilization  had  gradually  succeeded  and  replaced 
one  another  (the  generatio  sequivoca  of  Aristotle,  the  vis  lapidifica  of 
Avicenna  in  the  tenth  century,  and  the  virtus  formativa  of  Albertos 
Magnus  in  the  thirteenth  century),  so  were  they  supplanted  in  torn  by 
the  not  less  fanciful  flood  theory,  which,  strangely  enough,  seems  to 
have  been  first  propounded  by  Martin  Luther.'  The  idea  that  the 
plant  and  animal  petrifactions  brotight  to  light  were  the  remains  of  the 
Noachian  deluge  and  had  been  tossed  about  and  mingled  by  the  angry 
waters  did  not  meet  with  immediate  acceptance,  so  widespread  had  be- 
come the  other  delusive  hypotheses.  But  gradually  it  began  to  find 
followers,  and  we  note  that  Oesner,  Imperatus,  Woodward,  and  Lhwyd 
gave  it  credence.  Its  chief  exponent,  however,  was  Johann  Jacob 
Scheuchzer,  whose  famous  book.  Herbarium  Diluvianum,  appeared  in 
1709. 

Scheuchzer  violently  attacked  all  the  other  theories  and  brought  for- 
ward such  a  mass  of  seemingly  overwhelming  evidence  in  support  of 
the  flood  theory  that  the  world  was  fairly  taken  by  storm,  and  many 
years  passed  before  those  even  who  saw  the  fallacy  in  it  dared  to  stem 
public  opinion  and  break  away  from  it. 

In  1723  an  edition  of  his  work  was  published  at  Leyden,  in  which  all 
the  objects  described  in  the  edition  of  1709  as  well  as  in  his  Museum 
Diluvianum,  were  arranged  acconling  to  the  botanical  system  of  Tour- 
nefort,  which  had  appeared  in  the  mean  time.  The  fossil  wood  was 
arranged  in  the  following  manner: 

CLA88IS   XVIII. 

Arbores  et  frutices  floribus  apetalis. 

This  included  only  a  leaf  and  a  piece  of  wood  of  Fraxinus  and  the 
wood  of  Buxus. 

Classis  XIX. 
Arbores  et  frutices  floribus  apetalis  auientaceis. 

This  class  embraced  specimens  which  he  considered  to  belong  to  Os- 
trya^  QuercuSj  Ahiesj  Pinus^  Betula,  and  several  leaves,  fruits,  and  con68 
of  the  same. 


^Zodiacuni  medico  gallicum  Geuer.,  16S<\     Part  iv. 

»  J.  Casp.  Westphal.  epheui.  nat.  curios,  dec.  ii,  au.  viii,  1689. 

=»  Academic  Paris,  M6m..  liVj'2. 

*  Roy.  Soc.  London.  Phil.  Trans.,  170G. 

^Evuardi  Luidii  Lithophylacii  britannici  ichuo^raphia,  sive  lapi4um  aliornmqao 
fossiliniu  britanuicorniu  singulari  tij^ura  insignium  •  •  •  distrlbutlo  olaMioa. 
LfOudini  et  Lipsiie,  1699. 

^Griindliche  und  erbauliche  Ausleguug  des  ersteu  Buchs  Mosis.  Halle,  1739,  vol. 
I,  p.  176. 
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GLA88I8  XXI. 
ArborM  et  fratioes  foliis  roaaeoeis. 

Only  a  single  specimeD,  ^^  Frnstam  ligni  tilisB  petrifiEK^tam.'' 

Plants  inoebt^. 

Here  were  indnded  the  woods  which  could  not  be  relegated  to  any 
of  the  other  classes.  This  list  was  of  course  the  larger,  including  more 
than  one  hundred  and  fifty  miscellaneous  examples,  from  various  parts 
of  the  world,  one  even  from  the  island  of  Antigua,  in  the  West  Indies. 
The  term  lathoxylon  was  applied  in  a  few  cases  (e.  g.,  number  465, 
'^  Lithoxylon  nigricans  in  saxo  arenario  duriosi  ex  Agro  AltorfSno,^ 
but  generally  they  were  simply  called  ^'  lignum  fossile." 

To  enumerate  the  multitude  of  writers  who  made  mention  of  fossil 
wood,  or  described  specimens  of  it,  during  the  eighteenth  century  would 
be  to  expand  this  chapter  far  beyond  the  limits  assigned  to  it.^  We 
most  confine  our  sketch  from  this  time  forth  to  those  more  important 
writers  whose  works  mark  distinct  epochs  in  the  progress  of  paleoden- 
drolo^.  A  few  of  the  principal  writers  are  Yolkmann,'  Henkel,' 
Schroter,^  and  Walch.' 

The  era  of  true  science  then  may  be  said  to  have  begun  with  the 
opening  of  the  nineteenth  century.  Escaping  from  the  influence  of  the 
superstitions  and  dogmas  of  the  Dark  Ages  the  keynote  was  struck, 
ftnd  from  this  time  on  the  progress  was  constant  and  rapid.  The  true 
origin  and  nature  of  fossils  were  explained,  and  once  on  the  right  track 
Uie  energy  of  investigators  was  directed  to  an  interpretation  of  the 
P^eontological  facts,  even  in  the  most  distant  parts  of  the  globe,  and 
^he  result  has  been  to  furnish  a  pretty  correct  and  comprehensive  view 
^^  the  faunas  and  floras  of  the  different  ages  of  the  world's  history. 

In  rapid  succession  were  published  the  works  of  Yoigt^  (1^^7),  who 
^Qcussed  the  so-called  Psarolithesj  which  he  at  first  regarded  as  polyps ; 
^"eppen  ^  (1808),  who  described  fossil  wood  from  Europe,  Siberia,  and 
^lie  East  Indies;  and  Martin^  (1809),  who  described  fossil  trunks 
^^m  Great  Britain.  In  1814  Kieser  published  his  valuable  *^M6- 
<^oire  snr  I'organisation  des  plantes,"  in  which,  among  other  important 

>8ee  H.  B.  G5ppert.    Monographie  der  fossilen  Coniferen,  pp.  81-86. 

*  Qeorg  Anton  Volkmann.    Silesia  snbterranea.    Leipzig,  1720. 
'  Flora  satomizansy  1755. 

^  Lithographische  Beschreibnng  von  Ingolstadt  nnd  Dettwiz.    Jena,  1768. 

*Die  Natnrgeschichte  derVersteinerangen  zur  Erlaaterang  der  Kuorriscben  Samm- 
^Ung,  etc.    Nflruberg,  1768-1773. 

<  Johann  K.  W.  Voigt.  Knrze  mineralogisohe  Beinerknngen.  Leonbard's  Tascben- 
bnob  flir  Mineralogie,  erster  Jabrgan^,  pp.  120-124. 

^  J.  A.  Weppen.  Nacbricbt  von  einigen  besonders  merkwttrdigen  Versteinerungen 
Tind  FoBBilien  seines  Kabinets.    Leonbard's  Tascbenbucb,  vol.  ii,  p.  178. 

*  William  Martin.  Petrificata  DerbieDsia,  or  Figures  and  Descriptions  of  Petri- 
fiMstioBS  CoUected  in  Derbyshire.    Wigan,  1809. 
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tactkj  he  first  pointed  out  the  characteristio  straotore  of  coniferooB 
wood  and  correctly  explained  the  nature  of  the  concentric  circles  or 
bordered  pits  which  are  to  be  observed  on  the  walls  of  the  wood  cdlB. 
These  pits  or  pores  had  been  observed  by  Malpighi  ^  and  others  ae 
«arly  as  1685,  but  their  exact  nature  had  remained  unexplained.  An 
important  work  on  the  origin  and  nature  of  amber,  by  Dr.  J.  F.  John, 
of  Cologne,  appeared  in  1816.  He  supposed  the  amber  to  have  been 
produced  by  a  species  of  pine  which  he  concluded  had  become  extinct 
About  this  time  appeared  several  works  by  Jakob  Noggerath'  on  cer- 
tain upright  trunks  and  other  fossils  of  the  Carboniferous  age.  In  the 
two  principal  works  of  the  year  1820,  by  Bhode'  and  Schlotheim,^ 
only  incidental  mention  is  made  of  fossil  wood,  and  then  only  fromft 
consideration  of  external  characteristics. 

Passing  rapidly  over  several  minor  English  and  American  papers  we 
•come,  in  1828,  to  the  publication  of  what  was  unquestionably  the  most 
important  work  on  fossil  woods  that  had  yet  been  published.  This  is 
the  ^^Gommentatio  de  Psarolithis,  Ligni  Fossilis  G^nere,"  published  at 
Halle  by  Anton  Sprengel.  After  reviewiug  carefully  the  literature  of 
the  subject  and  discussing  the  various  theories  of  the  nature  of  these 
organisms  he  established  their  undoubted  vegetable  character  and 
described  six  species  which  he  called  Endogenites,  The  work,  which 
is  in  Latin,  is  illustrated  by  a  single  plate.    Says  Professor  Ward:* 

The  year  1828  is  withoat  qnestion  the  most  eveDtfal  one  in  the  history  of  paleo- 
botany, since  it  saw  the  issue  of  Brougniart's  Prodrome  and  the  oommenoetnent  of 
his  Histoire  des  v6g^taux  fossiles,  which,  taken  together  as  they  belong,  form  the 
solid  basis  npon  which  the  science  has  since  been  erected. 

The  year  1830  was  remarkable  for  the  appearance  of  two  papers  by 
Henry  T.  M.  Witham  which  gave  evidence  of  the  high  and  permanent 
place  this  author  was  to  occupy  in  the  annals  of  paleobotany.  These 
papers,  although  short,  treated  of  some  of  the  peculidrities  of  structure 
to  be  observed  in  the  plants  of  the  Carboniferous  of  England.  These 
observations  were  supplemented  and  extended  in  his  "  Observations 
on  Fossil  Vegetables,  accompanied  by  Representations  of  their  Internal 
Structure  as  seen  through  the  Microscope,"  which  appeared  in  the  fol- 
lowing year.  In  this  volume,  which  was  quarto  in  size,  he  discusses  at 
length  the  peculiarities  of  structure  which  he  was  able  to  make  out  by 
the  study  of  thin  sections  of  the  silicitied  specimens  under  the  micro- 


>  Marcelli  Maphigii  opera  ommia.    Liij]:(l.  B;it.,  1087. 

^  (jbor  aiifrecbt  iiii  Gebirgsgestein  eiu^cschlossene  fossile  Baamstamme  and  andere 
Vegotabilieu.     Bonn,  HIO. 

FortgoHetzte  Bemerkun«;oii  iiber  fossilo  Baumstammo  und  andere  Vegetabilien. 
Bonn,  1821. 

'J.  G.  Rhode.     Boitriige  ziir  Ptlanzenkunde  der  Vorwelt.     Breslau,  1820. 

*  Baron  E.  F.  von  Scbioth«Min.  Dio  Petrifactenkundo  auf  ihrem  jetzigen  Stand- 
pnnkto.    Gotha,  1H20;  Naclitrjige,  Gorba,  1822. 

•Sketch  of  Paleobotany,  in  Fifth  Auuniial  Report  U.  S.  Geol.  Survey,  Washington. 
Iddo,  p.  400. 
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scope.  In  the  preparation  of  these  thin  sections  he  acknowledges  his 
odebtedness  to  the  kindness  of  Mr.  William  Nicol,  of  Edinburgh,  who 
Irst  brought  the  method  to  his  attention.  This  new  method,  which  is 
^he  one  in  ase  at  the  present  time,  worked  a  complete  revolution  in  the 
itady  of  petrified  trunks,  and  from  the  appearance  of  this  Jbook  the 
itady  of  the  internal  structure  of  fossil  plants  may  be  said  to  date. 
rhese  sections  were  made  by  first  grinding  a  smooth  surface  on  the 
ipedmen  and  cementing  it  with  Canada  balsam  to  a  small  piece  of 
l^lass.  As  mach  as  possible  of  the  specimen  was  cut  away,  leaving 
ft  thin  layer  adhering  to  the  glass,  and  this  was  ground  down  until  it 
WBS  thin  enough,  to  allow  the  light  to  pass  through,  when  it  was 
mounted  permanently  in  Oanada  balsam.  Witham  examined  in  this 
way  fossil  coniferous,  monocotyledonous,  and  dicotyledonous  woods, 
which  he  compared  with  living  forms,  but  did  not  venture  to  give  names 
to  them.  This  was  left  for  his  last  and  greatest  work,  which  appeared 
in  1S33.^  In  this  work,  after  describing  the  localities  in  Great  Britain 
from  which  his  specimens  were  obtained  and  giving  other  information 
oonceming  them,  he  established  four  genera  of  fossil  conifers,  the  first 
that  had  ever  been  described  from  considerations  of  internal  organiza- 
tion alone.  •  The  new  genera  were :  Pence  and  Pitus^  each  with  two 
species;  Pinites,  with  five  species;  and  Anabathra,  with  one  species. 
A  single  species  of  Lepidodendron  was  also  characterized.  The  organ- 
ization of  these  plants  was  illustrated  by  sixteen  plates,  two  of  which 
were,  however,  devotee^  to  living  species,  and  considering  the  time  at 
which  these  figures  appeared  they  are  remarkably  good. 

A  work  bad  been  published  a  year  previous  to  this  time  which  had 
also  done  much  to  stimulate  the  study  of  internal  structure.  This  was 
C.BeruhardCotta's  "  Die'Dendrolithen  in  Beziehungaufihren  inneren 
Baa,''  in  which  he  attempted  to  ''  classify  systematically  and  describe 
Bcieotifically  the  various  kinds  of  fossil  wood  that  had  been  discovered." 
He  stndied  the  internal  structure  of  specimens  in  his  collection  and  de- 
Kribed  several  new  genera  and  species.  While  the  illustrations  in  his 
book  are  inferior  to  Witham's,  they  are  nevertheless  sufficiently  charac- 
teristic to  be  readily  recognized. 

Besides  several  shorter  papers  that  appeared  about  this  time  by  Pat- 
tinson,*  Parkinson,^  and  others,  the  year  1831  saw  the  beginning  of 
Wndley  and  Button's  great  work,  the  "  Fossil  Flora  of  Great  Britain." 
This  work,  which  was  not  completed  until  1837,  was  concerned  princi- 
pally with  the  superficial  phase  of  the  fossil  fiora,  but  contained  never- 


'The  hitemal  Structure  of  Fossil  Ve>];etables  found  in  the  Carboniferous  and  Oolite 
l^posita  of  Great  Britain,  Described  and  Illustrated.     Edinburgh,  1833. 

'H.  L.  Pattinson.  On  the  Fossil  Trees  found  in  Jefferies  Rake  Vein  at  Dorwent 
^^Mine  in  the  County  of  Durham.  Phil.  Mag.  and  Annals,  vol.  7,  London,  ld30, 
pp.  185-189. 

*  James  Parkinson.  Outlines  of  Ory  otology.  An  Introdaction  to  the  study  of  Fos- 
^  Organic  Remains.    London,  1830.     Fossil  wood,  pp.  21-33. 

Ball.  56 2 
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thcless  illustrations  aiul  remarks  on  three  of  the  species  of  Piuites  (P. 
Brandlingij  P.  Withamij  and  P.  mednllari^t)  mentioned  b^'  Witham. 

In  1833  William  Nicol  published  his  valuable  '^  Observations  oo  the 
structure  of  Recent  and  Fossil  Conifera^^'  ^  which  was  the  lirst  system- 
atic comparison  of  internal  structure  instituted  iKitween  living  and  fos- 
sil species.  He  examined  quite  an  extensive  series  of  living  couifen, 
which  he  illustrateil  in  six  plates  accompanying  the  article,  and  pointed 
out  some  facts  that  must  be  observed  in  the  study  of  fossil  forms.  He 
refers  to  the  methoil  of  preparing  thin  sections,  which  was  credited  to 
him  by  Witham  as  his  invt-ntion,  nnd  says  that  it  was  not  original  with 
himself,  but  derived  from  a  Mr.  Sanderson,  a  lapidary  of  Kdiulmrgh. 
In  the  following  year  he  published  a  second  article,^  in  which  hede- 
cribed  fo.ssil  dicotyledonous  wood  from  the  island  of  Mull  with  conifers 
and  dicotyledons  from  Kgypt  and  Xubia,  and  conifers  from  tlie  Cafieof 
Good  Hope.  He  did  not,  however,  attempt  to  give  names  to  auythiug 
examined  from  these  localities. 

We  pass  hastily  over  the  period  from  1835  to  1839,  during  which 
papers  of  some  interest  in  this  department  appeared  b3'^  Bronn,' 6a£- 
lay,^  and  others,  and  come  to  the  publication  of  Brongniart's  splendid 
memoir  on  SigiUaria  elegans.^  Having  obtained  from  the  environs  of 
Autun,  Aixla  Chapelle,  and  Werden  some  perfectly  silicifted  fragmeutB 
which  showed  on  the  exterior  the  leaf  scars  characteristic  of  this 
species,  Brongniart  was  enabled  to  examine  for  the  first  time  the  inter- 
nal organization  of  this  interesting  group  of  plants.  After  describing 
carefully  his  s])ecimens  of  Sifjillaria  da/inis  he  compared  them  with  all 
the  other  Carboniferous  s[)ecies  of  which  tlu^  structure  was  known. 
These  he  divided  into  three  groups,  according  to  the  distribution  of 
the  vas(jular  elements.  As  SiijiUaria  clefjtnis  showed  undoubted  evi- 
deiiee  of  exogenous  growth  it  was  plactMl  by  Brongniart  among  the 
G\  mnosperms,  a  position  which  was  further  insisted  upon  in  1841)  in 
his  ''  Tableau  des  genres  de  v<igetaux  fossiles.''  Although  the  conclusion 
as  to  the  systematic  position  of  tliis  siiecies  has  since  been  shown  by 
Wilhamson,  Zeiller,  and  others  to  l)e  incorrect,  the  publication  of  this 
memoir  was  a  long  step  towards  a  solution  ot*  some  of  tht»  most  diliicalt 
problems  of  the  relations  between  Cryptogams  and  IMuenogams. 

Although  Witham,  Nicol,  and  others  had  described  the  structure  of 
fossil  dicotyh'donous  woods,  no  one  had  ventureil  to  name  genera  or 

'  Edinii.  Xew  rhil.  Jmir.,  vni. !»;,  is;:;-';M.  pp.  i:i7-irw,  pi.  ii-iv,  pp.  :a0-:U4,  pi.  v. 

-On  tlu*  stiin-iiirr  of  sonu'  ((»-;>il  \vo«h1s  louiid  in  tlio  Island  of  Mull,  Xortheru  Ai- 
rioM,  an«l  on  the  Karno  Gi-omihI  to  tin*  norilioast  of  tbt;  Cape  i>t*  CJooil  ilope.  Ediu^*- 
New  riiil.  Jour.,  Vol.  1-.  i.^.;i-*:;:,,  pp.  ;j:;:)-a:is. 

MK'inrich  (l».'oi«i  iirtnin.     Lnlia-a  ;;«'o;jjno>tiea.     Stntt;;art,  ISiJiV:?'^. 

*l{ev.  .Sayrs  (Ja/.lay.  Notires  of  Fossil  W(umI  in  Oliio.  Am.  Jour.  Sei.,  vol. '-^t 
IKU,  i)p.  10.1-107. 

*Observatit»n.s  t<\ir  la  stninnn.'  interii-nn*  <ln  Si^illaria  ele^ans  comparc^e  i\  ceU® 
(lOH  Lcpidodriidron  et  d«s  Sti;^niariaet  a  «'»dle  des  vog<''taiix  vivuuts.  Mils.  Hist.  Nftt-i 
Paris,  Arohivcs,  1^30,  pp.  405-101,  pis.  xxv,  xxxv. 
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apecies  antil  Ooppert,^  in  1839,  cbaracterized  bis  Klcedenia  quercoideSj 
ageons  which  is  now  included  under  Quercinium  of  linger. 

Several  short  papers  appeared  in  1841  by  linger,*  Goppert,^  and 
others. 

Jiaring  the  year  1842  Kutorga,  in  a  short  paper  on  the  paleontology 
of  Kassia/  described  three  new  species  of  fossil  wood,  two  of  which 
are  from  the  Kupfersandsteine  of  Perm,  the  other  from  the  Ereidege- 
birge  of  Don.  They  were  Peace  biarmica,  Pence  tanaitica^  and  Pinites 
biarmicHS.  Goppert  in  this  year  contributed  a  paper  ^  on  the  Hora  of 
the  iron  sands  of  Aachen,  in  which  he  made  valuable  suggestions  in  re- 
gard to  the  method  of  studying  fossil  wood.  Recognizing  the  fact  that 
little  ooald  be  accomplished  in  the  study  of  fossil  forms  without  a 
thorough  knowledge  of  the  internal  structure  of  living  species,  he  made 
a  very  careful  examination  of  more  than  one  hundred  living  species,  Of 
conifers.  These  he  arranged  in  four  groups,  viz :  the  Pinus,  Araucaria, 
Taxus,  and  Ephedra  forms,  and  briefly  characterized  each. 

For  the  fossil  Gouiferse  of  Aachen  he  adopted  Witham's  name  Pinites, 
and  described  a  single  new  species,  Pinites  aquisgranensis. 

Another  new  species  of  Pinites  (P.  gypsaceua)  was  described  in  the 
Flora  der  Oypsformation  in  Oberschlesieu.^ 

Goppert  also  published  a  paper''  on  the  CycadaceoB,  in  which,  after 
reviewing  what  he  had  before  written  on  the  subject,  he  monographed 
the  order.  Of  the  seventy-eight  species  known  at  that  time,  nine  were 
characterized  from  the  trunks,  sixty-five  from  the  fronds,  and  four  from 
the  fruit. 

The  year  1845  was  remarkable  for  the  production  of  three  great 
Works,  besides  numerous  smaller  papers.  These  were  Corda's  "Bei- 
trage  zur  Flora^  der  Vor welt,"®  Goppert's  Amber-Flora,^  and  Unger's 

'  '*  Bomerkuugen  iiber  dio  aU  Gescbiebe  iiii  uurdlicheu  Deutscbland  vorkomiueDden 
▼ersteinerten  Holzer."    Neues  Jabrb.,  1839,  pp.  r)l8-r>21,  pi.  viii  B. 

*  Franz  Unger.  Ueber  die  versteiuerten  UGlzer  des  NatioDal-Museums  zu  Liutz. 
Warte  aQ  der  Donau,  AugUHt,  1841,  pp.  4D7-499. 

'Taxites  soalariformio,  eiue  neuc  Art  fos»ileu  H51zer.  Karst.  Arcbiv.  fiir  Miueral., 
etc,  vol.  15,  1841,  p.  727,  plate  xvii,  tigs.  1-7. 

*0r.  S.  Katorga.  Beitrag  zur  Palaeontologie  Rnsslands.  Rush.  kais.  iiuDeral. 
G«8eU.,  St.  Petersburg.,  Verbaudl.,  1842,  pp.  1-34,  plates  i-vi. 

^Foasile  Pflanzenreste  des  £isensaDds  vou  Aacbeo,  als  zweiter  Beitrag  zur  Flora  der 
Tertiargebilde.    Acad.  Leop.  car.  Nat.  cur.  Acta,  vol.  19,  1842,  pp.  137-160,  plate  Liv. 

*  Ueber  die  fossile  Flora  der  Gypsformatioa  zu  Dirscbel  iu  Oberscblesien.  als  drit- 
ter  Beitrag  zur  Fl.  d.  Tertiiirgebilde.  Acad.  Leop.  Car.  nat.  our.  Acta,  vol.  19, 
1842,  pp.  369-378,  plates  lxvi-lxvii. 

'Ueber  die  foseilen  Cykadeen  ilberhaupt,  mit  RUcksicbt  auf  die  in  Schlesieu  vor- 
koinmenden  Arten.    Schles.  Gesell.  f.  vater.  Kult.,  Uebersicbt,  1842,  pp.  114-142. 

**Aaga8t  Joseph  Corda.  Beitriigezur  Flora  der  Vorwelt.  Prag,  1845,  pp.  1-128, 
plates  i-LX. 

'G.  C.  Berendt.  Die  im  Bernstein  beiindlichen  orgauischen  Reste  der  Vorwelt. 
Vol.  I.  Berlin,  1845.  i.  Abtheilung:  Der  Bernstein  and  die  iu  ihm  beiindlichen 
Pflanzenreste  der  Vorwelt  (by  Dr.  Goppert). 
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Synopsis  plantamm  fossiliumJ  Lack  of  space  prevents  a  satisfactory 
analysis  of  these  works,  and  I  will  simply  say  that  the  first  in  the  list, 
by  Corda,  is  a  magnificent  folio,  illustrated  by  sixty  plates^  nearly  all 
of  which  are  devoted  to  internal  structure.  Goppert's  Amber-Flora 
was  a  complete  summary  of  the  known  factB  relating  to  the  origin  of 
amber,  and  also  an  enumeration  of  all  the  plants  detected  in  it.  The 
amber  he  thinks  was  produced  almost  entirely  by  a  single  species  of 
pine,  which  he  called  Pinites  sucdnifer.  Unger's  Synopsis  enamerated 
1,648  species  of  plants,  the  total  number  known  at  that  time. 

In  1847  appeared  Unger's  ^^Ghloris  Protogsea,'''  another  magniflceot 
work,  containing  characterizations  of  a  considerable  number  of  new 
genera  of  Dicotyledons.  The  genera  that  appear  for  the  first  time  are 
niminium,  Fegonium,  Quercinium,  Betulinium,  Acerininm,  and  Pla- 
taninium,  named  for  their  resemblance  to  wood  of  IJlmus,  Fagos,  etc 
Many  fine  figures  illustrate  the  work. 

Equally  important  was  Endlicher's  *' Synopsis  Coniferamm,"'  which 
also  appeared  in  1847.  Of  the  177  species  mentioned  nearly  60  are 
characterized  from  internal  structure. 

Tliis  hasty  review  closes  the  period  from  the  origin  of  definite  ideas 
concerning  petrifactions  to  the  beginning  of  the  year  1850,  which  is 
remarkable  for  the  production  of  two  of  the  most  important  works. 
These  were  "Monographic  der  fossilen  Coniferen,"*  by  Goppert,  and 
"Genera  et  species  plantamm  fossilium,"*  by  linger. 

Goppert's  work  was  a  most  elaborate  essay,  fiUinj::  ^^59  quarto  pages 
and  illustrated  by  58  plates,  more  than  halt'  of  which  is  devoted  to 
internal  structure.  The  first  67  pages  of  the  work  describe  the  living 
conifers,  which  he  considers  under  the  following  heads :  I.  Historical 
review  of  our  knowledge  of  the  (3oniferte.  II.  Geographical  distribu- 
tion. III.  Organography  and  anatomy.  This  last  part  is,  for  the 
student  of  internal  structure,  perhaps  the  most  important,  as  here  are 
passed  in  review  all  the  terms  used  in  the  description  of  the  external 
and  internal  parts,  with  special  emphasis  of  those  characters  which  are 
found  to  be  of  the  most  importance  in  the  diagnosis  of  genera  and 
species. 

The  part  devoted  to  the  fossil  Coniferje  is  likewise  divided  into 
several  subdivisions.  The  first  of  these  is  a  historic  review  of  the 
study  of  fossil  plants,  particularly  the  conifers,  from  the  first  crude 
speculations  of  the  ancients  through  the  formative  period  of  the  Mid- 
dle Ages  to  the  scientific  period  of  our  own  times.    This  part  more 


'Lipsia^  1^45. 

^Chloris  Protogfva.     BiMtrii^e  ziir  Flora  derVorwelt.     Leipzig,  1847. 

^  Stephen  EndUcher.     Synopsis  couiferaruin.     SangalH,  1847. 

*  Monographic  der  fossilen  Coniferen.  Natuiirkundige  Verhandelingen  van  de  Hol- 
landsche  Maatschappij  dop  Wotenschappen  to  Haarlem.  Tweede  Verzameling,  6* 
Deal    Leiden,  1850. 

^ Genera  et  species  plantamm  fossiliam.     Vindobona;,  1850. 
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than  any  other  shows  the  8cholarl3*  attainmeDts  of  the  illustrious  author. 
He  seems  to  hare  read  everything  that  had  even  the  most  remote  bear 
iog  apou  the  subject. 

In  the  systematic  part,  which  occupies  pages  169-^248,  he  follows  the 
divisions  of  the  fossil  forms  into  four  groups  as  proposed  by  himself 
in  1842.  In  the  Oapressiuese  he  established  the  genus  Cupressiuoxylon  ' 
and  described  under  it  15  species.  Of  the  Abietiueae  he  described  38 
species  of  Pinites,  6  of  which  were  new ;  11  species  of  Araucarites ;  2  of 
Pissadendron  and  1  of  Protopitys.  Under  the  Taxine^  he  enumerates 
i  species  of  Tazites  and  1  each  of  Physematopitys  and  Spiropitys. 
Of  the  OnetacesB  none  are  characterized  from  internal  structure. 

In  the  last  part  are  enumerated  all  the  localities  where  fossil  wood, 
beds  of  coal,  etc.,  occur,  with  a  statement  of  the  geological  horizon  to 
which  each  belongs. 

A.  careful  analysis  of  Unger's  '<  Genera  et  species"  can  not  be  at- 
tempted. It  is  sufficient  to  say  that  it  contains  descriptions  of  2,421 
species  of  plants,  a  great  advance  in  knowledge  over  anything  that 
had  previously  appeared. 

Two  interesting  papers  on  the  structure  of  palms  were  published  by 
C.  6.  StenzeP  during  the  year. 

For  the  next  few  years,  while  much  material  was  published  that  was 
of  general  interest  in  paleobotany,  nothing  of  special  importance  came 
ont  relating  to  the  internal  organization  of  plants.  Most  of  the  papers 
were  systematic  descriptions  of  the  flora  of  various  localities  and  con- 
tain only  incidental  mention  of  fossil  wood.  Of  this  character  were 
the  papers  of  Weber,^  Goppert,^  Massalongo,*  and  Mercklin.^ 

Goppert's  "Beitrage  zur  Tertiarflora  Schlesien's"  ®  was  of  more  impor- 
tance, as  it  contains  descriptions  of  several  species  of  Cupressiuoxylon, 
Pinites,  Physematopitys,  Taxites,'aud  Spiropitys. 

One  of  the  first  contributions  to  our  knowledge  of  American  deposits 
of  lignite  was  that  by  Edward  Hitchcock  ^  on  the  brown  coal  deposit 
in  Brandon,  Yt.  No  attempt  at  identification  of  species  from  study  of 
structure  was  made  except  that  a  pine  cone  in  connection  with  ^^  pine 
lignite^  is  mentioned.    Many  figures  of  dicotyledonous  fruits,  which 

*De  trnnco  palmarum  fossilitini.  Inaug.  diss.  Vratislavhe,  1850,  pp.  1-18,  plates  i, 
n.  Zwei  Beitrage  zur  Keautuiss  dor  fossileu  Paluiuii.  Acad.  Leop.-Carol.  Nova 
Acta,  vol.  22,  Breslau,  1850,  pp.  4G7-508,  plates  51-53. 

^C.  Otto  Weber.  Die  Tcrtiiirliora  der  niederrhoiuischen  Hraiinkohlen formation. 
Palaeontographica,  vol.  2,  Caasol,  18.V2,  pp.  115-230,  plates  xviii-xxv. 

"*Fo8sile  Flora  des  UebergangHgobirges.  Acad.  Loop.-Car.  nat.  cur.  Nova  Acta, 
vol.  22,  Supplemeut,  1852,  pp.  1-299,  tab.  i-XLiv. 

*  Synopsis  palmarum  fossilium.  Natur.-Wisb.  Verein  Lotos,  vol.  2, 1852,  pp.  193-208. 

^C.  von  Mercklin.    Ueber  fossiles  Holz  nnd^Bemstein  in  Braunkohleaus  Gishiginsk. 
Acad.  Imp.  Sc.  St.-P^tersbourg.     Bull.  Classe  Phys.  Math.,  vol.  11,  pp.  81-93,  pi.  I. 
•     •Palaeontographica,  vol.  2,  Cassel,  ia52,  pp.  257-282,  plates  xxxiii-xxxviii. 

^Description  of  a  brown  coal  deposit  in  Brandon,  Vermont,  with  an  attempt  to 
determine  the  geological  age  of  the  principal  hematite  ore  beds  in  the  United  States. 
Am.  Joar.  8c.,  2d  ser.,  vol.  15,  185     pp.  95-104. 
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were  afterwards  identified  and  named  by  Lesqaereax,^  accompany  tl^^ 
article 

The  first  American  investigations  of  the  internal  organization  o^ 
fossil  wood  seem  to  have  been  made  in  1854  by  Dr.  (now  Sir)  J.  't^* 
Dawson,  who  mentions*  specimens  from  Prince  Edward  Island  whi  ^^ 
exhibited  on 'the  wood  cells  the  hexagonal  disks  characteristic  of  t^^^* 
Araucarian  type.  Tlie  specimens  are  described  as  being  perfectly  silic:^:^^ 
fied  trunks  of  trees,  in  some  cases  three  feet  in  diameter ;  they  are  pr<K  ^ 
trate  and  slightly  flattened.  Tliese  were  subsequently  described 
Dawson  as  species  of  Dadoxylon,  but  no  identification  is  made  in  th: 
pauer. 

In  the  same  year,  but  of  less  importance,  was  a  note^  by  Dr.  A. 
King  on  fossil  trees  in  the  coal  rocks  of  Pennsylvania. 

The  year  1854  was  particularly  remarkable  for  the  European  activit: 
manifested.    C.  G.  Stenzel,  in  his  "  Staarsteine,''*  monographeil  thegenai 
Psarouius,  enumerating  18  species,  and  gave  much  valuable  informa  — 
tion  regarding  the  structure  and  synonomy.    The  six  plates  all  illus- 
trate the  internal  structure.     Goppert,  in  his  Tertiary  Flora  of  Java,^ 
described  the  deposit  of  fossil  wood  of  that  country'  and  established 
three  new  genera  (flunghuhnites,  Brad^a,  and  Miquelites),  each  with  2^ 
single  species. 

Unger,  in  his  Flora  of  Gleichenberg,^  described  several  conifers 
and  three  species  of  dicotyledons,  and  Balfour'  wrote  of  the  vegetable 
structure  detected  in  the  coal  of  Fordel,  a  subjt^ct  which  had  since  the 
time  of  Witham  attracted  great  attention. 

The  most  important  publication  during  l^o5  was  that  of  Schiuid  and 
Schleiden,  "  Ueber  die  Natur  der  Kieselholzer/''^  it  is  divided  into 
two  parts:  the  first  treats  of  the  average  chtMnical  c()inj)osition  of 
silicitied  wood  an<l  the  second  is  a  systematic  description  of  the  fossil 
wood  in  the  Grand  Ducal  Museum  of  Jena.     Tweh  e  s])ecies  are  enumer- 


'Am.  Jour.  Sc,  *2(l  Her.,  vol.  3*2,  IdtJl,  pp.  35r>-3r)3.  Aisoser  Ilitclicock's  Geology  of 
Vermont,  vol.  2,  pp.  71^-718. 

^On  fossil  coniferous  wood  from  Prince  Edward  Island.  Acad.  Sc.  Pliil.,  Proc, 
vol.  7,  IH.')!,  pp.  t)*2-()4. 

^Description  of  fossil  trees  in  the  coal  rocks  n(;ar  CJrccnshur^li,  Westmoreland 
County,  IN'nnsylvania.     Acad.  Sc,  Phil.,  Proc,  vol.  7,  l'^.')!,  pp.  r)4-<).'». 

■•lleber  die  Staarsteine.  Acad.  Leop.  Gar.  Nova  Acta,  vol.  '^M,  Jena,  lt'54,  pp. 
753-81)0,  plates  34-40. 

'^Dio  Tertiiirtlora  auf  der  Insel  Java,  nach  den  Entdeckunjj^en  des  Ilerrn  Fr.  Jung- 
hnhn  beschrieixMi  u.  erortert  in  ihrem  Verliiiltnisse  ziir  Gesammtllora  der  Tortiiir- 
pcriode.     's  (Jravenbaj^e,  16r)4. 

<^  Di(?  f(>ssil(»  Flora  von  (ileiclienberg.  K.  Acad.  wiss.  Wein,  Deukschriften,  vol.  7, 
\^\A,  ]»p.  l.')7-l.'^l,  pi.  i-viii. 

'J.  H.  I$alf»)ur.  On  ci-rtain  v»'^erable  or«^anisins  found  in  the  coal  of  Fordel.  Roy. 
Soc.  Kdinb..  Trans.,  vol.  -21,  K.4,  j>p.  l-'7-l'J3,  ])1.  ll. 

"E.  E.  StliMiid  niid  M.  J.  .Sjbleiden.     IJeberdie  \atur  der  Kieselbolzer.    Jeua,  1855, ' 
pp.  1-4*2,  plates  i-iii. 


^xoiTLTOH.l  STUDY    OF    INTERNAL    STRUCTURE.  23 

m 

Htedy  of  which  four  are  new  conifers  and  four  new  dicotyledons,  snid 
three  new  genera  established,  each  with  a  sinjj^le  species. 

In  the  next  year  several  notices  appeared  by  American  anthers.  One 
by  George  C.  Schaeflfer  describell*  the  strncture  of  two  specimens  of 
'^ood  from  tlie  Colorado  Desert.  The  specimens  were  very  well  pre- 
served and  are  undoubtedly  dicotyledonous;  as  is  also  the  specimen 
from  Posuncula  River  described  by  Prof.  W.  J.  Bailey.-  No  names 
are  given  in  either  case,  but  the  specimens  from  Colorado  are  compared 
'witli  figures  of  dicotyledons  from  Antigua  given  by  Witham  in  his  "In- 
ternal Structure  of  Fossil  Vegetables." 

Dawson  also  described  and  figured'  the  internal  structure  of  wood 
from  the  Devonian  of  Gasp^,  Canada  East.  The  specimens,  he  says, 
were  collected  by  Sir  W.  E.  Logan  in  1844,  and  placed  in  the  collection 
of  the  Canadian  Geological  Survey.  No  attempt  is  made  by  Dawson 
to  name  these  fossils,  but  they  were  without  doubt  coniferous. 

Hichter  audUnger  contribute4i  a  valuable  paper,  ^'Beitrag  zur  Pah^e- 
ontologie  des  Thtiringer  Waldes,''*  in  which  the  structure  of  Calamoi)- 
teriis,  Calamopitys,  Stigmaria,  Lepidodendron,  Cladoxylon,  Aporoxylon, 
etc,  is  illustrated. 

From  1856  to  1860  many  interesting  papers  were  published,  of  which, 
limited  space  will  allow  only  the  briefest  mention.    Goldenberg^  mon- 
ographed the  SelagineflB  and  the  Sigillarieie ;  Goi)pert®  describes  briefly 
the  fossil  fore8t3  discovered  by  Mollhauseu  in  New  Mexico  and  named 
a  single  new  species  {Araucarites  Moellhansianus),     linger  also  con- 
tributed two  valuable  articles.     In  one  of  these  he  describes'  the  pet- 
rified forests  near  Cairo  and  in  other  parts  of  E<]:ypt.     Several  new 
species  are  characterized,  among  them  Nicolia  ^Kijyptiaca^  which  was 
nameil  in  honor  of  William  Xicol,  who  will  be  remembered  as  the  con- 
temporar3^  of  Witham.    The  other  paper,  "  Ueber  fossile  PflrUizen  des 
.  SUsswasser-Kalkes  und  Quartzes,"^  describes  and  figures  the  internal 


'  Description  of  the  strncture  of  tho  fossil  wood  from  the  Colorado  Desert.  U.  S. 
Pac.  R.  R.  Rep.,  vol.  5,  1856,  pp.  338,339,  plate  xu,  fi^'s.  3,  4. 

2  Letter  from  Prof.  J.  W.  Bailey,  describing  the  strncture  of  the  fossil  plant  from 
PosuDcula  River.     U.S.  Pac.  R.  R.  Rej).,  vol.  .5,  iHSfi,  p.  XXJ,  pi.  xii,  fi«;s.  1.  '2. 

'J.  W.  Dawson.  Remarks  on  a  specimen  of  fossil  wood  from  the  Devonian  rocks 
(Ga8p6  sandstones)  of  Gasp6,  Canada  East.  Am.  Assoc.  Adv.  Sc.  Proc,  vol.  10.  I'^oC, 
pp.  174-176,  figs.  1-4. 

<R.  Richter  nnd  F.  Unger.  K.  Acad.  Wiss.  Wien,  Denkschr.,  vol.  U,  1856,  pp. 
1-100,  plates  i-xin. 

*Friedricb  Goldenberg.  Flora  Sara*pontana  Fosailis.  DiePllanzenvorsteiuorungei] 
des  Steinkohlengebirges  von  Saarbriicken.     Saarbriickon,  IdV)-' 57. 

•Ueber  die  von  MoUbausen  mitgebrachtcn  Fragmcnte  des  Holzes  aus  dem  ver« 
steinerten  Walde.  In  Mrdlhausen's  Tagebnch  eiuer  Reise  vom  Mississippi  nach  dec 
Kiisten  der  Siidsee.    Leipzig,  1858,  p.  49*i. 

'Der  versteinerte  Wald  bei  Cairo  und  einige  andere  Lager  verkieselten  Holzes  it 
Agypten.  Sitz.  K.  Acad.  Wiss.  Wion,  math.-nat.  hist.  Kl.  vol.  33,  l85-i,  pp.  209-*233, 
plates  i-iii. 

■F.  Unger.    K.  Acad.  Wiss.  Wien,  Denkschr.,  vol.  14,  lr'55*,  pp.  1-38,  plates  i-v. 
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,8tractare  of  spedes  of  Araudo,  NymphaA,  Thaioiylon,  BotiiUiiiini^ 
Klippsteinia,  Fenoe,  and  Haaera.  The  specie^  are  all  Bmopeaiit  «itli. 
the  exception  of  Hau&ra  Amerieawif  whidi  k  flroni  Papantla^  Mtadoa 

In  1859  Dawaon  again  returned  fo  the  study  of  the  plants  of  thi 
Peninsnla  of  C^p6,  Lower  Canada,  and  for  the  first  time  made  post* 
tive*  determinations  of  themJ    He  visited  OtMpA  in  person  and  eol* 
lected  an  extensiye  series  of  specimens,  upon  whioh  he  fimnded  sefsnl 
new  genera  and  species.    The  first  of  these  is  Psilophyton,  a  genas  of 
lyoopodiaceons  pbuits,  ^«  whioh  is  characterised  by  slender,  hiftareatnig, 
ridged  stems,  proceeding  flrom  a  horisontal  riiiaoma,  whidi  sends  ibrtti 
nnmeroos  rootlets.'^    The  internal  stmctnre  had  in  most  eases  dis^h  - 
peared;  yet  it  coald  be  traced  in  a  few  instances.    It  is  described  as 
consisting  '<of  a 'slender  axis  of  scalarifbrm  vessds,  sarroanded  by  a  / 
space  now  occnpied  by  calcspar,  bat  showing  in  parts  the  remains  of  a 
loose,  oellqjar  tissue.    Externally  to  this  is  a  cylinder  of  well  preserved^ 
elongated,  woody  cells,  without  distinguishable  pores,  but  with  traces 
-  of  very  delicate  spiral  fibers."    Two  species  are  established. 

Prototaxites  is  described  as  a  new  genus  of  conifers  in  the  fidlowinif 
manner:  <*  Woody  trunks,  with  concentric  rings  of  growth  and  medul- 
lary rays.  Oells  of  pleurenchyma  scarcely  in  regular  series,  thick 
walled  and  cylindrical,  with  a  doable  row  of  spiral  fibers.  Disk 
structure  indistinct."  Coming,  as  this  plant  does,  firom  the  Devonian, 
it  was  regarded  as  one  of  the  oldest  forms  of  coniferous  struetare 
known,  and  yet  it  was  bighly  differentiated  even  then,  as  is  shown  by 
tbe  fact  that  its  nearest  living  representatives  were  thoa^ht  by  Dawson 
to  be  Taxas  and  Torreya.  Otlier  remains  of  tissues,  doubtfully  referred 
to  Unger's  Aporoxylon,  may  represent  a  still  more  primitive  phase. 

Id  the  same  year  was  published  a  further  contribution  by  the  same 
author  on  the  vegetable  structurevS  in  coal,^  tbe  observations  applying 
to  the  bituminous  coal  of  Nova  Scotia.  He  divides  the  coal  into  two 
classes :  mineral  charcoal  and  compact  coal.  In  the  mineral  charcoal 
he  detected  both  cryptogamous  and  gymuospermous  tissue.  In  the 
former  were  abundant  remains  of  scalariform  tissues  belonging  ap- 
parently to  Lepidodendron,  Ulodendron,  Stigmaria,  and  even  Sigillaria. 
Of  tbe  gymuospermous  tissues  tbe  ideutificatious  were  less  positive, 
although  they  were  unquestionably  coniferous  and  probably  belonged 
to  the  Araucariau  type. 

Of  tbe  structure  observed  in  compact  coal  comparatively  little  could 
be  satisfactoril}'^  made  out,  altbougb  fragments  apparently  of  both 
cryptogams  and  conifers  were  detecte<l  in  exceptionally  well-preserved 
specimens. 


'On  Fossil  plants  from  Devonian  Kocks  of  Canada..  Quart.  Jonr.  (Jeol.  Soc, 
Tol.  15,  1859,  pp.  477-478,  figs.  1-G;  also,  Can.  Nat.  and  Geol.,  vol.  5,  18G(»,  pp.  1  14, 
iigs.  1-G. 

'Oo  the  Vegetable  Structuros  in  Coal.  Quart.  Jour.  Geol.  Soc,  London,  vol.  IGy 
1859,  pp.  626-641,  pi.  xvii. 
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In  1861  there  appeared  an  importaut  work  by  Dr.  F.  Hildebrand/  in 
wbich  he  discusses  iu  a  very  exhaustive  manner  the  distributiou  of  both 
liviug  and  fossil  Gouiferte.  The  geoloj^ical,  us  well  as  the  geographical, 
aietribution  of  the  fossil  species  was  given  and  has  been  of  great  aid  to 
tlie  student  of  stratigraphy.  Several  maps  and  tables  illustrate  the 
paper. 

Curious  remains  of  plant  structure,  identified  as  Araucarites  Schrolli- 
anusj  were  detected  by  fiornemann'  iu  quartz  crystals. 

The  study  of  American  material  was  carried  on  with  great  vigor  by 
Dawson,  who  contributed  numerous  articles  touching  more  or  less  upon 
the  internal  organization  of  the  plants  of  Devonian  and  Carboniferous 
ages  in  Canada,  Nova  Scotia,  and  other  regions.    One,  iu  1861,  ^'On  the 
Pre-Carboniferous  flora  of  New  Brunswick,  Maine,  and  Eastern  Canada,^ 
contains  descriptions  of  species  of  Dadoxylon,  Prototaxites,  Stern- 
bergia,  Aporoxylon,  etc.,  but  a  more  elaborate  and  systematic  paper 
tban  he  had  published  up  to  this  time  was  that  on  the  '<  Flora  of  the 
Devonian  Period  in  Northeastern  America,"*  which  appeared  in  1862. 
In  this  he  first  discusses  the  localities  in  New  York,  Maine,  Canada, 
'and  New  Brunswick  from  which  Devonian  fossils  have  been  obtained. 
In  the  systematic  portion  which  follows,  no  less  than  69  species  belong- 
ing to  32  genera  are  described,  of  which  number  36  species  are  regarded 
as  new.    Most  of  these  are,  of  course,  described  from  stem,  leaf,  or  fruit 
impressions ;  but  a  few  are  characterized  from  internal  structure,  among 
them  Syringoxylon,  a  new  dicotyledonous  genus.    The  single  species 
known  is  from  the  upper  part  of  the  Hamilton  Group,  on  Lake  Erie. 
A  new  Dadoxylon,  also  from  the  same  group,  in  Ontario  County,  New 
York,  is  described. 

Among  some  of  the  shorter  papers  of  this  time  may  be  mentioned  one 
by  Schimper,^  in  which  Dadoxylon  vogesiacum  is  described  as  new,  and 
one  by  Unger  on  some  fossil  plants  from  New  Zealand.^  Two  species  of 
wood,  Podocarpium  dacrydioides  and  Nicolia  zelandica,  are  mentioned  by 
Unger.  The  first  species  of  Nicolia  it  will  be  remembered  was  from  the 
Egyptian  Desert,  and  the  occurrence  of  another  species  in  New  Zealand 
is  of  interest. 

Goppert's  "Flora  of  the  Permian  Formation,"''  which  appeared  at 
Cassel  in  1864-'65,  was  another  of  the  many  valuable  works  produced  by 


*  Die  Verbreituntjder  Coniforen  in  der  JotztzriT  und  in  deu  friihercn  geologiachen 
Perioden.     Bonn,  1861,  B^. 

^J.  G.  Boineuiann.  Ueber  Pdanzenreste  in  Qnarzkrystallen.  Deutsch.  geol. 
Gesell.,  ZeitBchr.,  vol.  13,  Berlin,  It^Gl,  pp.  075-6^1,  plate  xvi. 

5  Can.  Nat.  and  Geol.,  vol.  6, 1««1,  pp.  KU-ldO. 

-•Qaart.  Jonr.  Geol.  Soc,  vol.  IH,  IriiJ-i,  pp.  2yG-:W0,  pi.  xii-xvn. 

*Le  Terraio  de  Transition  des  Vosgos.  Partie  Paldoutologique,  par  Wm.  Ph.  Schim- 
per.    Strasbourg,  1862,  p.  342,  plate  xxx. 

^  Fotfsile  Pflanzen  aus  Neu-Seeland.  In  Hochstetter's  Geologic  von  Neu-Seeland, 
Wien,  1864,  pp.  1-13,  plates  i-v. 

^  Die  fossile  Flora  der  permischeu  Formation.    Cassel,  1864-65. 
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this  author.  It  contains  :U0  pa^^i^s  and  <U  phites,  not  a  few  of  the  latter 
heiuf^  devoted  to  internal  structure.  It  is  a  systematic  work,  and  de- 
scribes and  discusses  with  great  fullness  the  272  species  that  had  at  that 
time  been  collected  from  the  Permian.  Without  attempting  an  ex- 
haustive  analysis,  an  idea  of  its  magnitude  and  of  the  value  to  the  ^tn- 
dent  of  the  internal  structure  of  fossil  plants  may  be  obtained  b^*  noting 
the  number  of  species  described  from  internal  structure.  There  are  43 
species  of  fern  stems  and  rhizomes,  of  which  nuinl)er2o  belong  to  the 
genus  Psaronins  alone.  The  Cycadaceoe  are  represented  by  three 
species  of  Zamites,  two  species  of  Medullosa,  and  one  species  each  of 
Stenzelia,  Myelopitys,  and  Colpoxylon.  The  Conifene  are  represented 
b3'  IG  species  of  Araucarites  and  a  single  species  of  Pinites.  The  work 
closes  with  a  discussion  of  the  origin  and  distributioD  of  the  Permian 
flora. 

Another  work  of  great  value,  also  published  in  1864,  was  the  micro- 
scopical examination  made  by  Kraus  of  the  structure  of  living  and  fos- 
sil Conifene.^  Wishing  to  ascertain,  for  use  in  the  elucidation  of  fos- 
sil forms,  what  marks  were  of  the  most  diagnostic  valne«  he  examined 
upwards  of  one  hundred  living  si>ecies  and  obtained  results  which  have 
been  generally  accepted.  Without  giving  a  full  exposition  an  example 
will  suffice,  ne  investigated  the  width  of  the  annual  ring  and  foand 
that  it  had  no  value  as  a  distinctive  mark,  as  it  varied  in  diiferent  parts 
of  the  same  individual  and  also  widely  from  year  to  year,  this  latter  va- 
riation being  the  result  of  changes  in  temperature  and  in  moisture.  In 
composition  the  ring  consists  of  an  inner,  a  middle,  and  an  outer  layer. 
The  inner  layer,  or  spring  wood,  consists  of  thin  walled,  mostly  four 
sided  cells,  with  bordenMl  i)its  only  on  the  radial  walls;  the  middle 
ayer,  of  thicker,  mostly  iM)lygonal,  cells,  wliich  have  a  decreasing  radial 
diameter;  the  outer  layer,  or  fall  wood,  is  of  thick-walled,  compressed 
cells,  with  bordered  pits  on  the  tangential  as  well  as  on  the  radial  walls. 
The  predominance  of  certain  layers  may  help  to  distinguish  stem  from 
root  wood.  Thus  in  the  stem  the  cells  of  the  inner  layer  predominate; 
in  the  root,  the  cells  of  the  middle  layer. 

In  similar  manner  were  taken  up  the  wood  cells,  resin  cells  and  ducts, 
and  medullary  rays,  and  more  or  less  valuable  characters  were  drawn 
from  them. 

Equally  useful  observations  were  made  on  the  I'ossil  forms  studied 
and  several  species  new  to  science  were  diagnosed. 

In  1>S03  Dawson  described  four  new  species  of  Dadoxylon  from  tbe 
coal  formation  in  !Nova  Scotia.^ 


'  Gro^or  Kniiis.  "  MIkroskopiscIio  Untersiichuiijx<'n  iil»«'r  clfii  liaii  lehender  imd 
vorwoltlichcr  Nadelholztjr.*'  WlirzhiirgHT  iiaturwiHs.  Zritsclir.,  vol.  5,  •1H»)4,  pp.  U4- 
'JOO,  j)late  V. 

-^  Synopsis  of  tlio  Flora  of  tlu*  Carhonifrroiis  IVriod  iu  Nova  Scotia.  Montreil, 
18(54,  pp.  1-27.     K«»print  from  Can.  Nat..  K^l,  vol.  d. 
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In  theHame  year  £.  W.  Binuey  published^  a  continuation  of  his  • 
serrations  on  the  structure  of  the  coal  plants  of  England.  The  spc 
mens,  eight  in  namber,  upon  wbich  these  observations  were  made,  wi 
from  the  lower  division  of  the  coal  measures  of  Lancashire  and  Yo 
shire,  and  were  embediled  in  calcareous  nodules  which  occur  in  sea 
of  coal.  They  were  very  perfectly  preserved  and  yielded  valuable 
salt^;  but,  as  the  author  says  in  the  conclusion,  the  memoir. '^  was 
tendeil  to  be  more  of  a  descriptive  character  than  an  attempt  to  tr; 
the  analogy  of  the  plants.'^  They  are,  however,  referred  to  Diploxy 
and  Sigillaria. 

Several  short  but  valuable  contributions  appeared  about  this  ti 
from  the  pens  of  Unger,^  Kraus,  and  others. 

In  one  of  these  papers  linger  re[)orts  the  occurrence  of  Nice 
jEgyptiaca  from  the  highlands  of  Abyssinia.  In  another^  he  charact 
izes  two  new  genera  of  dicotyledons  (Gonstantiuium  and  TchihatcL 
fltea)  from  Thrace  in  Asia  Minor. 

Kraas,  in  his  paper  "  Ueber  einige  bayerische  Tertiarholzer,"  *  ei 
merates several  well-known  conifers  and  a  new  species  of  birch  (Bet 
li^nifttm,  and  in  his'^Zur  Kenntniss  der  Araucarien  des  liothlieg 
den  and  der  Steinkohlenformation,"^  he  combined  and  charncteri^ 
several  species  of  Araucarites. 

The  year  18G8  saw  the  completion  of  Eichwald-s  great  work  on  1 
paleontology  of  Russia.*  This  work,  which  was  begun  as  early 
1859,  consists  of  two  parts,  Ancienne  Pdriode  and  Pdriode  Moyen 
each  accompanied  b^  a  folio  atlas  of  plates,  many  of  which  are  devol 
to  internal  structure.  It  is  impossible  to  give  even  an  approximi 
analysis  of  the  work,  and  we  can  simply  say  that  it  placed  at  the  < 
posal  of  savants  all  the  facts  then  known  of  the  paleontology,  aniii 
as  well  as  vegetable,  of  this  vast  empire. 

This  year  was  noteworthy  also  for  the  production  of  important  papi 
by  Cramer,  Carruthers,  Binney,  Hooker,  and  others. 

The"Possile  Uolzer  der  arctischen  Zone,"'  by  Cramer,  deserves  s 
cial  mention.  Fie  describes  and  figures  wood  from  Greenland,  Ban 
Land,  and  Spitzbergen,  which,  with  one  exception,  was  found  to  be 
coniferous.    From  Greenland  came  tNvo  species  of  (Jupressinoxylon 


'  A  description  of  some  fossil  plauts,  sliovrin^  Htnicture.,  found  in  the  ]^)\ver  C 
seanisof  Ltancashire  and  Yorkshire.  Koy.  Soc.  London,  Pliil.  Trans.,  Hi>.'),  pp.  oTLM 
pis.  xxx-xxxv. 

*Notiz  ttber  fossile  Holzer  ans  Abyssinion.     Wien,  l8iW,  pp.  2?^1>-'2I)7,  plate  i. 

'  Flore  tertiaire  moyenne.  In  TchihatchefTs  iVsie  Mineure.  Paris,  HtlO-'CD,  4''  i 
tie,  pp.  31^-325,  pi.  XVII,  figs.  1-4. 

^ WUrzbiirgernaturwiss.  Zeit.,  vol.  6,  ld6G-67,  pp.  15-48. 

»Op.  cit.,  'pp.  70-73. 

*£doiiard  D'Eicbwald.  Lethaea  Rossica,  on  Pali^outologie  dc  la  Rnssie.  Sti 
gart,  1853-*68. 

'Cramer.  In  Flora  fi>sst lis  arctlca.  Oswald  Heer.  Vol.1.  ZUricb,  ]^d,  pp.  1 
ISO,  plates  xxxiv-XLiii 
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Breverni  Merekl.  aud  C.  MranicifJiiOapp.);  ftom  Banks  Land,  a  u^ 
species  of  Pinas  (P.  MaeOlmrii  Heer),  three  species  of  Oapressinivj* 
Ion  (0.  p^Uohrum  Cramer,  0.  dttMina '  Cramer,  and  0.  pol]f6mm§im' 
Cramer),  and  the  now  well  known  BeMa  MaaCnMofMi;  'from  Spits-: 
bergen  came  three  species,  all  new,  of  Pinites  (JP.  fal^porotic^  P.  gmh 
elfaraiu»,  and  P.  catemoiui). 

Carrathers'b  paper  on  the  Oycadean  stems  of  Britain^  was  a  jaia« 
able  oontribntion  to  onr  knowledge  of  this  poorly  onderatood  iSimily. 
So,  also,  were  Hooker's  papers  on  the  stroctare  of  Stlgmaria*  and  oa 
the  structure  and  affinities  of  some  Lepidostxobi.' 

Binney  isAned  in  this  year  the  first  part  of  his  *<  Observations  on  Ifes 
Stmctare  of  Fossil  Plants  fband  in  the  Carbonilbrons  Strata^"  a  ooa> 
sideration  of  which  is  deferred. 

The  most  systematic  contribution  to  our  knowledge  of  the  fiMsil  Om^ 
tsrm  published  since  GtSppert's  Monographic  was  that  of  Dr.  KnmS| 
In  Schimper's  <^  Trait6  de  Palfontologie  V^g^tale.*^^  B ver  since  the  pob^ 
lication  of  GHippert^s  work,  ^*De  Coniferarum  structnra  aiiatomioa,^  in 
1841,  the  opinion  had  been  growing  amonj^  students  that  the  genera 
must  be  regarded  as  comprehensive;  that  is,  thai  a  genus  established 
upon  fossil  remains  may  include  what  might  be  regarded  as  serecal 
distinct  genera,  provided  they  were  living  and  in  possession  of  other 
organs  which  are  of  taxonomic  value.  With  this  point  settled,  Kcaoa 
divided  the  Conifer®  into  the  five  following  types,  which,  it  will  be  ob- 
served is  one  more  than  G5ppert  admitted: 

I.  Type  of  CupressiuetB  (Cupressoxylou),  comprisiug  all  the  Capressinen,  the 
PodocarpesD,  and  a  part  of  the  Taxe». 

II.  Type  of  the  AbietiDesB  (Cedroxylon),  including  the  genera  Abies,  Picea,  Larix, 
and  Ccdrus. 

III.  Type  of  the  Pinacese  (Pityoxylon),  which  includes  the  genus  Pinas  and  its 
subgenera 

IV.  Type  of  the  Araucarieie  (Araucarioxylon),  which  will  include  Armuoaria, 
Agathis,  etc. 

V.  Type  of  the  Taxe»  (Taxoxylon),  comprising  all  the  genera  not  included  under 
Cupressoxylon. 
Aporoxylon  Unger  is  still  retained  as  a  genus  incertsB  sedis. 

To  these  six  generic  types  all  the  other  names  in  use  were  reduced  as 
syuouyms.  Thus  Cupressoxylon  Kraus  included  Thuioxylon  of  Unger 
and  Endlicher  and  Physematopitys  of  Goppert;  Araucaroxylon  Kraus 
was  made  to  include  Araucarites  Goi)p.,  Pissadeudron  Eudl.,  and  Pa- 
heoxylon  Brongn.     Other  changes  it  is  unnecessary  to  mention. 


*  William  Carruthers.  Ou  Fossil  Cycadean  Stems  from  the  Secondary  Rocks  of 
Britain.     Linn.  Soc.  Lond.,  Trans.,  vol.  2t5,  1868,  pp.  675-708,  i)1h.  liv-lxiii. 

3  On  some  peculiarities  in  the  structure  of  Stigmaria.  Geol.  Surv.,  Gt.  Brit.  Mem., 
vol.  2,  pt.  2,  1848,  pp.  431-439,  pis.  I,  ii. 

'Remarks  on  the  Structure  and  Affininities  of  some  Lepidostrobi  Op.  ot7.,  pp. 
440-456,  figs.  1-5  in  text. 

*  Bois  fossiles  des  conif^res.  In  Traits  de  paUontologie  v^g^tale,  W.  P.  Schimpery 
Tol.2,  PariH,  1870-72,  pp.  3<).V385,  Atlas,  pi.  LXXix. 
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TbiB  systematic  arrangement  was  followed  by  a  detailed  enumeration 
withont  description  of  all  the  known  species. 

The  (ieriod  between  1870  and  1880  was  a  remarkably  active  one,  as 
is  shown  by  the  fact  that  more  than  fifty  papers,  of  greater  or  less 
valaCy  appeared  during  this  time.  As  it  will  be  iropoRsibte  to  notice  all 
these  works  fully  a  few  only  of  the  more  important  wi\}  be  selected  and 

the  others  given  by  title  only. 
Garathers  contributed  an  article  on  the  fossil  forests  near  Cairo,'  in 

which  he  described  and  figured  yet  another  species  of  Nicolia,  named 

m  honor  of  the  collector,  N.  Owenii. 
The  wonderful  fossil  forests  of  California  and  the  Yellowstone  Na- 

tioDal  Park  were  treated  of  in  short  articles,  the  former  by  Marsh ^  and 

the  latter  by  Holmes.^    The  structure  of  the  specimens  from  California 

was  mvestigated  by  Dr.  M.  C.  White,  of  New  Haven,  and  pronounced 

by  him  to  resemble  the  wood  of  Sequoia,  but  no  further  attempt  was 

made  to  determine  it. 

Specimens  of  the  wood  from  Cali^omian  forests  were  later  sent  to  Dr. 
H.  Conwentz,^  in  fireslau,  who  made  a  thorough  examination,  which 
resulted  in  determining  them  all  to  be  coniferous  and  to  belong  to  a 
single  species,  which  he  called  Cupressinoxylon  iaxodioides. 

The  year  1871  saw  the  beginning  of  Professor  Williamson's  great 
work  **  On  the  Organization  of  the  Fossil  Plants  of  the  Coal  Measures." 
This  work,  published  in  the  Transactions  of  the  Koyal  Society  of  Loudon, 
already  (1889)  numbers  fifteen  parts,  and  is,  it  is  safe  to  say,  the  most 
valuable  contribution  that  has  been  made  to  our  knowledge  of  the  or- 
ganization of  the  plants  of  the  Carboniferous  age.  A  consideration  of 
it  is  deferred. 

This  work  by  Professor  Williamson  is  by  no  means  his  first,  as  he 
entered  the  field  of  paleontological  science  in  1833  as  a  contributor  to 
the  Fossil  Flora  of  Great  Britain,  by  Liiidley  and  Hutton.  From  that 
time  many  able  articles  on  the  plants  of  the  Coal  Measures  have  ap- 
peared from  his  pen.  They  are  mostly  short  and  directly  to  the  point. 
A  chronological  list  of  most  of  them  is  given  below.* 


»  On  the  Petrifie<l  Forest  near  Cairo.  Oeol.  Mag.,  vol.7,  1870,  pp.  30(>-:U0,  pi.  xiv. 

'Notice  of  a  Fossil  Forest  in  the  Tertiary  of  California.     Am.  Jour.  Sci.,  3(1  sor., 
▼ol.  1, 1871,  pp.  266-268. 

*Fo8sil  Forests  of  the  Volcanic  Tertinty  Formations  of  the  Yellowstone  National    ' 
Park.    U.  8.  Geol.  and Geog.  Surv.  Terr.,  Ball.,  vol.  5,  No.  1,  1879,  pp.  125-132. 

^Ueber  eiu  tertiiire  Vorkommen  cypre.ssinartiger  Holzer  bei  Calistoga  in  Califor- 
Dien.    Nenes  Jahrb.,1879,  pp.  tiOO-813,  plates  xiii-xiv. 

*On  the  origin  of  coal.    Brit.  Assoc.  Adv.,  Sc.  Kep.  1842,  Notices  and  abstracts, 
pp.  48-49. 

On  the  stractare  and  affinities  of  the  plants   hitherto  known  as   Sternbergiss. 
Lit.  and  Phil.  Soc  Machester,  Mem.,  2d  ser.,  toI.  9, 1851,  pp.  340-347. 

Additional  notes  on  the  strncture  of  jCalamltes.    Lit.  and  Phil.  Soc.  Manchester, 
Proc.  Tol.  8,  1869,  pp.  153-155. 

On  the  stractare  of  an    nndescribed    typ3  of  Calamodendron  from   the    upper 
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This  period  was  one  of  greatest  activity'  for  Dr.  J.  W.  Dawson,  who 
published  at  least  a  dozen  pai>ers  relatiuij:  more  or  less  to  the  orgauiza- 
tioii  of  the  fossil  plants  of  Canada,  Nova  Scotia,  etc.  The  most  impo^ 
tsiut  are  the  following:  ^<On  the  structure  and  affinities  of  Sigillaria, 
Oalamites,  and  Calaniodendron,"*  in  which  he  describes  and  tigar«8 
very  perfect  examples  of  these  forms,  and  presents  a  scheme  of  relation- 
8hi[) ;  a  paper  on  Prince  Edward  Island,'  in  which  he  mentioned  two 
S])ecies  of  Dailoxylon  (Z>.  nuUeriarium  and  D.  Edtardianum)^  and  char- 
acterized and  illustrated  them ;  and  a  note  on  the  plants  collected  by 
Mr.  G.  M.  Dawson  near  the  forty-ninth  parallel,^  in  which  is  reported 
the  occurrence  of  Cedroxylon,  Pityoxylon,  Cupressoxylouy  Taxoxylon, 
and  Topulus. 

In  a  collection  of  wood  from  the  Mesozoic,  British  Columbia/  made 
by  ^Ir.  Richardson,  Dawson  detected  Cupressoxylon  and  Tazoxylon 
among  the  g3'mnosperms,  and  species  of  Quercus,  Betula,  and  Populoa 
among  the  angiosperms.    Specitic  names  are  omitted  in  all  instances. 

In  1875  appeared  the  fourth  and  last  part  of  Binuey's  ^^Observations 
on  the  Structure  of  the  Fossil  Plants  found  in  the  Carboniferous 
Strata,"  *  a  work  which  was  begun,  it  will  bo  remembered,  in  1868.   Each 


Conl-M(.>a8ure.s  of  Luncasliire.*'  Lit.  ami  Phil.  Soc.  ManchcHter,  Proc.,  vol.  »?,  18®, 
pp.  2G-H7. 

On  the  structure  aud  affiuities  of  some  exogeuous  stems  from  the  Coal-Meatroxet< 
Monthly  Mic.  Jour.,  vol.2,  1869,  pp. 60-72. 

On  the  structure  of  the  woody  zone  of  an  nudescrihed  Calamite  (f  Calamopitai). 
Lit.  and  Phil.  Soc.  Manchester,  Mem.,  vol.  1.  isli),  pp.  ir»r>-lKJ. 

On  the  or;;aiiizations  of  the  stems  of  Calamites.  Brit.  Assoc.  Adv.  So.,  Rep.  1870, 
Notices  and  abstracts,  pp.  K>-tK). 

Exogenous  structures  amongst  the  sterns  of  tlu*  Coal  Measures.  Nature,  vol.  4, 
1>:J71,  pp.  490-492. 

On  the  organization  of  an  mnlescribeil  v«»rticillati'  Strohilus  from  the  lower  Coal 
Measures  of  Lancashire.  Lit.  aud  Phil.  8<»c.  Manchester,  i*roc.,  vol.  10,  l?71,  pp. 
lO.VlOl). 

On  tlu'  structure  of  some  specimens  of  St  igmarisi.  Lit.  and  Phil.  Soc.  Manchester, 
Proc,  vol.  l»),  1^71,  pp.  iir>-iie. 

On  the  structUH!  of  tho  woody  zont*  of  an  undt'serih«Ml  form  of  Calamite.  Lit. 
and  Phil.  Stu.'.  Manchestrr,  Mem.,  vol.  10,  IsTl.  pp.  I.'m-I^J. 

On  tln^  structure  of  the  DictyoxyloiM  of  th^  Coal  Measures.  Brit.  Assoc.  Adv. 
Sc,  Kep.  l^l\y  Notices  and  aljstracts.  pj).  111-112. 

On  the  fern-stems  aud  their  petioles,  of  the  Coal  Measures  Brit.  Assoc.  Adv. 
Sc,  Rep.  l*<7:i.  Noticesand  abstracts,  p.  106. 

*  Quart.  Jour.  Ge<>l.  Soc,  vol.  1H71,  pj).  147-161,  ]»]s.  vii-x. 

'Report  on  the  Geological  Structure  and  Mineral  Resources  of  Prince  Edward 
Island.     Montreal,  1H71,  p]).  1-51.  jds.  i-iii. 

•Note  on  the  plants  ctdlected  by  Mr.  (;.  M.  Dawson,  from  the  lignite  tertiary  de- 
posits near  the  forty-nintli  parallel.  Kri)orl  by  G.  M.  Dawson,  Montreal,  1875.  Ap- 
pendix, pp.  327-:i:U,  pis.  xv-xvi. 

^  Note  on  Fos<«il  Woods  from  British  C<>lumbia,  collected  by  Mr.  Richardson.  Am* 
Jour.  Sc,  '.\i\  ser.,  vol.  7,  1*^74.  pp.  47-.M. 

6E.  W.  Binney.  Paheontographic:il  Soeii-ty,  London.  Observations  on  the  Stmot- 
ureof  Fossil  Plants  found  in  the  Carboniferous  Strata.  Part  I.  v<d.  21,  1868,  pP* 
1-32,  pi.  i-vi ;  Part  ii,  vol.  21,  H71.  pj).  :M-()2.  pi.  vii-xn  ;  Part  in,  vol.  25,  1872,  pp* 
7a-96,  pi.  Xlil-XViii ;  Part  iv,  vol.  2J,  187r>,  pp.  97-147  ;  pi.  xix-XXiv. 
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part  is  complete  io  itself  and  deals  with  one  or  more  of  the  character- 
istic  types  of  the  Carboniferous  flora.  Thus  the  first  part  takes  up 
Gakunites  and  Galamodendron.  After  giving  the  bibliography,  synon- 
omy,  and  geological  position  of  these  types,  a  detailed  and  careful  de- 
scription is  given  of  the  8i>eciu]ens  upon  which  the  memoir  is  founded, 
and  m  conclusion  the  resemblances  and  the  distinctions  between  Sigil- 
lariaand  Galamodendi-on  are  pointed  out.  In  a  similar  manner  the 
other  parts  describe  the  structure  and  discuss,  more  or  less,  the  acuity 
of  Lepidostrobus  and  some  allied  cones,  Lepidodcndron  and  Sigillaria, 
and  Stigmaria.  This  work  wns  a  most  valuable  contribution  to  our 
kuowledge  of  some  of  the  intricate  problems  connected  with  the  origin 
and  development  of  vegetation. 

lu  1876  Con  wentz*  published  his  first  contribution  to  the  study  of 
fossil  wood,  in  the  form  of  an  inaugural  dissertation  presented  to  the 
fiwulty  of  the  University  of  Breslau.  This  work,  which  gave  an  ear- 
nest of  his  future  position  as  a  thorough  worker,  dealt  with  the  wood 
of  the  North  German  Diluvium.  He  found  both  conifers  and  dicotyle- 
doD8.  Of  the  former  he  mentions  three  species,  one  new,  for  which  he 
restores  the  generic  name  of  Pinites.  Of  the  Dicotyledons  he  obtained 
three  species  of  oak,  for  which  he  adopts  the  name  of  Quercites  of  Gop- 
pert  in  place  of  the  generally  accepte<l  Quercinium»of  Unger. 

lu  the  United  States,  Claypole'  described  a  new  fossil  tree  from  the 
Clinton  Limestone  of  Ohio,  for  which  he  proposed  the  name  of  Glypto- 
'dendron. 

Renault  published  two  elaborate  memoirs^  on  the  structure  of  the 
plauts  of  the  Carboniferous,  with  the  mention  of  which  I  close  the 
eouoieration  of  the  publications  of  this  decade. 

In  the  next  decade,  beginning  in   1880,  a  glance  at  the  literature 

suffices  to  show  that  there  is  an  ever  increasing  activity  and  interest  in 

this  branch  of  paleontological  science.     Discarding  older  and  cruder 

Meas  regarding  the  constitution  of  genera  and  species,  a  knowledge  of 

What  can  and  what  can  not  be  made  out  b.v  a  study  of  the  preserved 

^uiains  is  accepted,  and  ^^hair-splitting  subtleties"  give  place  to  de- 

^liictions  made  on  a  firmer  scientific  basis. 

Among  such  a  wealth  of  publications  it  is  difficult  to  select  any  for 
^l)ecial  mention,  as  all  are,  in  one  wa3' or  another,  of  so  much  value,  but 
^  brief  enumeration  of  such  as  possess  undoubted  superiority  or  in- 
terest will  be  attempted. 

Schroeter's*  examination  of  the  fossil  wood  of  the  Arctic  zone,  made 


'  ttber  die  versteiaten  Holzor  aus  dein  uonldeiirHchnii  Diluviiiiu.     Breslau,  1876. 

*E.  W.  Claypole.  On  the  ouciirreiicM  of  a  foHsil  tree  (Glyptodeudron)  in  the 
C^linton  LimeHtone  (base  of  Upper  Silurian;  of  Ohio,  U.  S.     Geol.  Mag.,  vol.5, 1878. 

'B.  Renaalt  et  C.  Grand 'F^ury.  Ultudos  snr  1»  Sii^illaria  spinulosa  et  sur  le  genre 
Ifyelopteriii.  Paris,  1875.  Structure  couipar<^.e  de  quehiues  tiges  de  la  liore  carbon- 
if^re.    Mas.  Paris,  Nouvell.  Archiv.,  pp.  313-348,  p'.  x-xvii,  1879.    2d  Ser..  vol.  ii. 

^Uotersachung  ilber  fossile  Holzer  ans  der  nrctischen  Zone.  In  Flora  fossiiis 
arctioa.    Oswald  Heer.,  vol.  (),  Ziirich,  18^0,  pp.  l-3t>,  plates  i-iii. 
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in  1880,  is  more  tbao  a  Diere  dewriptton  of  tpeoiei  i  it  U  a  valiuil 
onaslOQ  of  importuit  itrnotaral  pcnata,  putfamlaily  in  tlie  Oouifem 
He  aooepte  the  obtuifloatioD  of  Sxaaa  and  glvM  an  analysis  of  tbe  6rt 
groapa  in  aeeking  to  identifr  a  apeidintti  ftmn  King  Uharlvs'a  l^Qfl, 
whidi  isafterwarda  deaorlbed  as  new,  ander  thenameof  Pinm  Johtuem. 
From  the  Haekeiuie  Blver  three  apedes  are  deioribed,  of  which  two  an 
new,  via.,  Bequoia  OmutiauUf  Ovdcfo  Bpeo.,  and  PUilanut  aeeroidei 
Odpp. 

In  this  year  also  OonwentE  oontribnted  an  article  on  the  wo<h1  o( 
Karlsdorf,!  in  which  he  speaks  at  some  length  of  the  variouH  koWixi- 
on  and  writers  who  have  worked  upon  material  fruta  this  locality, 
whioh  he  regards  as  one  of  the  richest  deposits  of  finsil  wood  kiiowo. 

After  an  examination  of  a  large  series  of  spei^mena  the  conclUHiou 
is  reached  that  tbej  all  belong-  to  a  single  form,  for  whicli  tht  new 
generic  name  iBhizooapressinozylon  is  proposed,  since  they  are  f^I 
considered  as  representjng  the  wood  of  the  roots.  Conweutz  thiutu 
three  spedmens  to  be  the  roots  of  (h^natinoxj/Um  unirntiiatuvi  of 
Gfippert,  and  refors  them  to  this  species  under  his  new  genns.  By  tbia 
process,  whioh  has  been  Jnstly  condemned,  we  may  have  a  siogle 
species  known  under  two  accepted,  bat  totall;  different,  generic  names, 
depending  npon  whether  tbe  specimens  examined  be  icgaixled  ils  Rtem 
or  root  wood.  This  idea,  if  carried  oat,  wonld  create  tintold  confusion, 
and  make  nomenclature  an  end  rather  than  a  means. 

Nomeronn  other  smaller  roota  were  found  penetrating  the  tissues  of 
BhizocupreBsinoxylon,  some  of  which  were  analogons  to  the  roots  of 
cypress,  others  to  the  roots  of  the  alder.  For  these  latter  the  name 
Xthizoalnoxylon  is  proposed,  and  one  species  is  characterized. 

Tbe  mycelium  of  a  fungus  waa  also  found  in  the  tiasnes  of  muiy  of 
the  specimens. 

In  the  following  year  Dr.  Conwentz  worked  up  the  fossil  wood  in  tbe 
collection  of  the  Boyal  Geological  Land  Office  Department  of  Berlin.* 
Most  of  it  was  ideutifled  as  coniferous,  although  a  few  dicotyledonoos 
species  were  detected,  among  them  a  new  genus,  Comoxylon,  with  two 
s|>ecies.  Two  new  species  of  Fasciculites  are  also  characterized  by  Dr. 
Steuzel,  of  Breslau. 

In  the  same  year  Qiippert  and  StenzeP  published  their  paperon  the 
Medulosefe,  a  new  group  iu  the  Oycadaoeie,  which  they  propose  to  take 
tbe  place  oi  the  group  to  which  the  species  of  Medulosese  were  usually 
referred. 

Undoubtedly  one  of  the  most  important  papers  iu  1882  was  the"Sta- 
dien  iiber  fossile  Holzor,"  by  Johannes  Felix,  presented  as  an  iuangnral 

'Die  fomllea  Holzor  tod  KarUdorf  am  ZobUn.  Datizlg,  18d0,  pp.  1-47,  plates 
I-VUI. 

)Foa8il«  HSIzer  ana  der  SammlDDg  der  koaigliohen  geologisohen  LandMuiatelt 
saBeiliD.    Jahrb.  d.  k.  preiua.  geol.  Laudesaaitalt,  1881,  Abhftad.,pp.  144-171. 

*Die  H«dnlloae».  Bine  noae  Qruppe  der  foMileo  Cyoadeen.  Caiwll,  I88I,  pp. 
1-17,  platM  j-iv. 
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dissertation'  to  the  philosophical  faculty  of  the  University  of  Leipzig. 
It  is  a  pamphlet  of  81  pages  aud  has  one  plate.  The  first  part  is  a  dis- 
eossion  of  the  characters  fonnd  to  be  of  most  importance  in  distinguish- 
ing fossil  genera  and  species.  In  dicotyledons  and  monocotyledons  he 
considers  that  the  genera  must  be  in  a  measure  comprehensive,  while 
for  the  conifers  he  follows  Kraus  in  adopting  five  types.  In  describing 
conifers,  however,  he  falls  into  the  grave  error  initiated  by  Conwentz 
(inpra,  p.  33)  of  using  the  prefixes  rhizo-,  cormo-,  aud  clado-,  todistin- 
goish  wood  of  the  root,  stem,  aud  branch.  In  this  way  a  single  species 
may  come  to  have  three  totally  different  generic  appellations,  and  in 
anything  but  a  systematic  arrangement  would  be  as  widely  separated 
as  the  initial  letters  will  permit  Its  absurdity  is  well  shown  on  pages 
i6aod47,  when  CupreasoxyUm  Protolarix  of  Kraus  Pinites  Protolarix 
ff.)  is  given  under  the  names  of  Cormocupressoxylon  Protolarix^  Clado- 
(^ruioxylonJProtolariXj  and  Bhizocupressoxylon  Protolarix  ! 

In  the  systematic  part  are  described  woods  from  Europe,  India,  Java, 
JapaD,the  Islands  of  Cuba  and  Antigua  in  the  West  Indies,  from  Bra- 
sil,  and  from  Australia.  About  forty  species  are  enumerated,  nearly 
all  of  which  are  new. 

Two  short  papers  by  Schenk  also  appeared  in  1882.  The  first  of  these 
treats  of  the  wood  collected  in  India  by  the  brothers  Schlagiutweit,^ 
and  the  other  is  a  discussion  of  Cotta's  species  of  the  genus  Perfossus.' 
Gotta  described  two  species  (P.  angularis  and  P,  punctatns),  the  origi- 
nate of  which  Dr.  Schenk  had  0[>portunity  of  examining  in  the  Dresden 
tfoseum.  He  found  them  to  be  unquestionably  palm-like  in  structure 
and  proposed  the  name  Palmoxylon  for  them,  a  name  which  has  been 
since  adopted  for  all  palm  wood. 

In  a  paper  on  the  plants  of  the  Erian  (Devonian)  and  Upper  Silurian 
formations  of  Canada,^  Dawson  again  defends  his  Prototaxites  aud 
affirms  as  his  opinion  that  it  is  '^  a  cotemporary  of  that  prototype  of 
gymnosperms  Aporoxylon  and  similar  plants  of  the  Devonian,''  and  has 
a  decided  likeness  to  the  modern  Taxus  in  structure.    Of  the  genus 
Dadoxylon  he  describes  one  new  species,  which  is  the  fifth  reported 
from  the  Middle  Erian  of  America,  ^'  an  interesting  confirmation,"  ns  lie 
says,  ^^  of  the  facts  otherwise  known  as  to  the  great  richness  and  vari- 
ety of  this  ancient  flora.'' 

Other  papers  during  this  year  were  published  byFelix,^  Beck,^  and 
others. 


^Dr.  A.  Schenk.  Die  von  den  Gebriidern  Scblagintwcit  gcsamnielteii  fos^ileu 
H51zer.    Engler's  bot.  Jahrb,  vol.  3,  1882,  pp.  351U)58. 

'  Die  PerfossuB-Arten  Cotta's  op.  cit.,  pp.  48IM86. 

'Geol.  Snrv.  Canada,  pt.  2.    Montreal,  1882.    Pp.  95-142,  pis.  xxi-xxiv. 

^  J.  Felix.  Beitrage  zur  Kenntniss  fossilen  Coiiiferoubolzer.  Euglcr's  bot.  Jabrb., 
Tol.  3,  1882. 

*  Richard  Beck.  Das  Oligocftn  von  Mittweida  mit  besonderer  BeriickHicbtif^ung 
Miner  Flora.    Dent.  geol.  Geaell.,  Zcitscbr.,  vol.  34,  1882,  pp.  7;i5-770,  plates  xxxi, 
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The  year  1883  witimsseil  tbe  production  of  a  goodly  number  of  vulua- 
ble  coutributions,  mostly  from  wvU  kDown  authors. 

Two  liy  Felix  are  deserviug  of  special  notice.  Under  the  modest 
title  of  "  Uiiterwiichimgeu  fiber  fossile  Holzer," '  be  gives  much  useful 
inforuiatiou  concerning  Tertiary  dicotyledouous  woods.  The  genera 
mentioned  are  Lanrinoxylon,  Lillia,  Helictoxylou,  Sapotoxylon,  Querci- 
niam,  and  Flcosylou.  The  discussion  of  tbe  genus  Querciuium  is  par- 
ticnlarly  interesting.  In  the  second  ]>art  of  tiis  pa])er  material  from 
other  horizons  is  described,  among  which  are  roots  of  plants  found 
peuetrating  other  tissues.  The  name  Rbizoniam  of  Gorda  is  adopted  for 
these  intruding  roots  except  in  one  case,  where  it  was  clearly  of  thenature 
of  a  cypress,  wbeu  it  was  called  Bbizocupressoxylou,  after  Conwentz. 

The  other  work  by  Felix  is  a  monograph  of  the  fossil  wood  of  the 
West  Indies.^  In  the  introduction  be  aguiu  speaks  of  the  difficulty 
attending  a  satisfactory  determination  of  angiospermous  wood  as  com- 
pared with  that  of  gymnospermous  wood,  and  concludes,  after  having 
examined  over  400  liring  species,  that  the  gecera  founded  on  fossil  , 
forms  must  be  regarded  as  comprebeusive.  Saheininin,  for  example,  ^ 
will  include  wood  of  Populus  as  well  as  that  of  Salix. 

Most  of  tbe  material  was  from  tbe  Island  nf  Antigua,  from  which 
fossil  wood  had  been  known  siuce  the  time  of  Scbencbzer,    Tbeiollow-  , 
ing  genera  of  dicotyledons  were  identified :  Ti^niosylon,  Zittelia,  Case-  I 
ioxylon,  Schmideliopsis,  Anacarilioxylon,  EbenoxyloD,  and  Heliotoxy. 
Ion.    Tbe  monocotyledons  all  belong  to  the  genus  Palmosylon,  of  which 
tea  species  are  described  and  figured. 

Id  1883  also  appeared  the  first  volume  of  Goppert  and  Menge's  mag- 
nificent "Flora  desBernsteina,"^  a  work  which  neither  of  the  illiistrions 
anthers  lived  to  complete.  The  second  volame  was  written  by  Dr.  H. 
Oonwentz,  and  appeared  in  1886.  The  first  volume  is  tbe  most  valuable 
to  the  student  of  internal  structure,  since  it  cootains  the  results  of  the 
examination  of  the  interual  structure  of  such  fragments  of  wood  as  were 
preserved  in  connection  with  tbe  amber.  Goppert  first  reviewed  tbe 
work  that  bad  been  done  by  Kraus  on  the  structure  of  liviog  conifers. 
Many  species  were  described,  some  &om  characters  taken  from  the 
wood,  others  from  leaves,  Sowers,  and  fruits,  all  being  illnstrated  by 
beautiful  colored  phites.  In  conclusion,  an  elaborate  account  is  giveu 
of  the  origin  and  relations  of  tbe  amber  flora. 

Tbe  fossil  wood  of  the  Libyan  Desert,  by  Scbenk,*  is  a  valaable 

'Dent.  geol.  Oesell.,  Zeitsclir.,  vol.  35,  1883,  pp.  S9-91,  jilates ii-iv. 
■Die  fosBilen  Hiilxer  Weatindieos.     SaminlaQK  palaeoDtologiacher  Abbandl.,8er.  i, 
part  I.    Cassel,  1»^,  pp.  1-33,  plates  i-v. 

*  H.  K.  Guppert  iind  A.  Menge.  Die  Flora  des  BernsteioB  und  ihre  Beziobnugen  zot 
Flora  derTertiiirforinatioii  iiud  der  Gegoawart.  Krster  Baud,  Daozig,  1683[  Zweitar 
Baod,  Danzig,  1886. 

*  FosBile  Hulzer.  la  Beitriige  ?..  Geol.  ii.  Palaeout.  d.  libjachen  Wtiste  uod  dei 
■DgraDzeDden  Gebiet«  von  Aegypten.  Pal  aeon  tographioa,.  vol,  xxx,  IS83,  pp.  1-80, 
phttM  l-v. 
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systematic  paper.  In  it  the  conifers  are  represented  by  one  species  of 
Araacarioxylon ;  the  monocotyledons  by  two  species  of  Palmoxylou ; 
the  dicotyledons  by  the  following  genera,  each,  except  the  first,  with 
a  single  species:  Nieolia^  Acacioxjflon^  Bohlfsia^Jordaniaj  Laurinoxylon, 
Capparidoxylanj  Dambeyoxylonj  and  FiooxyUm.  These  last,  it  will  be 
seen,  are  mostly  named  from  some  living  dicotyledon  which  they  most 
nearly  resemble. 

lu  1884  the  most  important  contribntion  was  that  of  Benst,^  in  which 
he  describes  and  figores  several  species  from  the  Lower  Miocene  of 
Greenland. 

One  of  the  new  species  Araucarioxtylan  Heerii  is  the  first  of  the  genns 
found  in  Greenland,  while  the  other,  Libocedrus  Sabinianay  is  referred 
to  a  species  already  described  by  Heer  from  twig  impressions. 

By  far  the  most  valuable  part  of  this  paper  is  the  elaborate  discussion 
entered  into  in  seeking  a  name  for  the  Libocedrus.  He  examined  crit- 
ically many  living  conifers  to  ascertain,  if  possible,  whether  the  charac- 
ters considered  of  most  importance  in  describing  fossil  forms  had  any 
value  in  distinguishing  living  genera  or  species.  The  result  was  in  the 
main  negative  for  single  or  special  characters,  such  as  thickening  of 
the  cell  walls,  pits,  or  markings  on  the  medullary  rays,  etc.,  but  a  com- 
biuation  of  all  possible  characters  was  found  to  be  of  diagnostic  worth. 
Thus  the  number  and  the  size  of  the  cells  in  the  medullary  rays  he 
considers  unreliable,  but  the  relative  volume  of  the  ray  cells  as  com- 
pared with  the  wood  cells,  among  which  they  are  placed,  he  considers 
of  the  highest  value. 

He  also  gives  four  elaborate  tables,  in  which  are  presented  system- 
atized accounts  of  a  microscopical  examination  of  all  recent  aud  fossil 
species  belonging  to  the  groups  Araucarioxylon  and  Cupressinoxyloo. 
These  tables,  which  are  invaluable  to  the  general  student,  represent 
hundreds  of  careful  observations. 

Felix  also  published  an  excellent  paper  in  1884,  ^'Die  Holzopale 
UDgarns  in  palaeoutologischer  Hinsicht,"*  in  which  he  established  the 
new  dicotyledouous  genera  Aluoxy  Ion,  Liquidambaroxylon,  and  Staubia, 
and  described  many  new  species  belonging  to  well  known  genera.  The 
most  important  part  is  his  admission  of  the  incongruity  of  the  use  of 
the  prefixes  rhizo,  cormo,  and  dado  to  indicate  wood  of  different  parts 
of  the  plant.  It  works,  as  be  admits,  the  greatest  confusion  in  nomen- 
clature, and  he  wisely  concludes  to  abandon  it.  In  the  description  of  spe- 
cies, if  one  is  fortunate  enough  to  obtain  material  from  all  parts  of  the 
plant,  it  is  best  indicated  by  simple  headings  ^'  root  wood,"  "  stem  wood," 
or  "  branch  wood,"  as  the  case  may  be.  We  have  not  three  distinct  gen- 
era, but  simply  a  very  perfect  representation  of  a  species  of  one  genus* 
Another  important  work  which  appeared  during  this  year  was  J. 


*  Fritz  Beust.     Untersuchnn^  Uber  foHsile  Hulzer  aiiH  Grunland.     Allgem.  schweiz, 
GeaeU.,  neae  Denkschr.,  vol.  xxix,  14d4,  pp.  1-43,  mit.  4  Tabollen  u.  6  TafeUi, 
'Jahrb,  d,  k.  ung.  geoL  Austalt,  vol.  7,  1884,  pp.  1-43,  plateii  i-iv. 


M 


■  ■  ' 

BB^  FOflSHi  WOOD  AKD  IMtSOK.  imkLm 

\ 

.  fidhmalhanaeiFs  paper  on  tiie  TeMary  flora  of  fhe  8oatlLW6itera.)^art  of 
SqMia.'  The  paper  is  divided  into  four  parte,  the  first  three  of  which 
are  devoted  to  deBoriptions  of  leaves,  flmito,  eto.  Hie  fiissil  wisod  de- 
Araibed  in  the  fourth  part  is  fkom  the  Spondy las  (Booen^)  wne  of  Bnsaia. 
'  In  regard  to  naming  fbssil  wood,  Schmalhansen  ccmdadei  that  the 
jeaerio  as  well  as  the  speciflo  names  must  be  comprehensive  and  possi- 

.  Wy  Uidade  several  fpnns  that  wonld  be  regarded  as  distinM  if  we  were 

'^  j^vided  with  all  the  essential  parts.  Following  ont  this  line  of  aign- 
awit  he  refers  nearly  all  his  specimens  to  the  genns  Copressinoiylon, 
|fl|fadi,  according  to  Mercklin,  Schroeter  and  others,  he  considers  may 
girobably  represent  the  wood  of  Sequoia.    The  well  known  stmetnral 

^  leaemblanoes  between  the  wood  of  living  Sequoias  and  the  wood  <rf  the 
Ibflsil  genust  together  with  the  marked  abundance  of  species  <rf  Sequoia 
daring  Tertiary  times  make  this  seem  very  probable. 

Biz  species  are  then  described,  three  of  which  are  considered  to  be 
new  to  science  {O^^esfmaxgUm  glf/pUMrobiiiMmj  O.  JfsrdUfM,  and  J^Utf- 
JomgUm  mieroforo9}m).  Three  finely  executed  plates  illustrate  the  stmct- 
-nre  of  the  wood. 

I,  Other  papeis  were  published  during  1881  by  Vater,*  Sdms-Laubadi,' 
iSoftnann,^  and  others. 
In  1885  Dr.  Oonwents  described  a  collection  of  wood  firom  the  IHo 
ITegro^  in  Patagonia,*  which  possesses  features  of  interest.  Thespeeiea 
ire  mostiy  coniferous  and  are  all  new  to  science.  They  are  distributed 
as  follows :  Gupressinoxylon,  four  species ;  Araucarioxylon,  one  species 
and  GlyptostroboxyloD,  the  latter  a  uew  genus.  The  single  angiosperm 
.  is  called  Betuloxylon,  under  which  it  is  proposed  to  include  the  genus 
II  Betnlinium  of  linger. '  A  list  of  all  the  known  species  is  given. 

Benault  contributed,  also  in  1885,  a  valuable  paper  on  the  structure 
and  position  of  the  genus  Astromyelon.^    It  is  illustrated  by  several 
fine  plates. 
In  1886  Dr.  Felix  published  a  continuation  of  his  ^'Untersuchungeu,"'' 


r 


^  J.  ScbmalhaaseD.  Beitrage  zar  Tertiarflora  Sttdwest-RasslaDds.  Palaaontolo- 
giscbe  Abhandl.  tod  Dames  u.  Kayser,  vol.  1,  BerliD,  18^4,  pp.  285-336,  plates  xxviu- 
xu. 

"  H.  Vater.  Die  fossilen  Holzer  der  Phosphoritenlager  des  Herzogthams  Braan- 
sohweig.    Deatsch.  geol.  Oesell.,  Zeitocbr.,  vol.  36,  1884,  pp.  783-^7. 

'H.  Graf  za  Solms-Laubacb.  Die  Coniferenformen  des  deutscbeD  Kupferscbiefen 
innd  Zecbsteins.  Palaeontologiscbe  Abbandl.  von  Dames  a.  Kayser,  vol.  2,  Berlin, 
\  1884,  pp.  81-116,  plates  xii-xiv. 

**  Hermann  L.  Hofmann.  Untersucbungen  Uber  fossile  Holzer.  Inaug.-Diss.  an  d. 
Umv.  Leipzig.     Halle  a  6.,  1884,  pp.  1-44. 

*Dr.  H.  Conwentz.     Sobre  algiinos,  lirboles  iosiles  del  Rio  Negro.    Academia  Na- 
Dional  de  Ciencias  en  Cdrdoba  (Repiliblica  Argentina),  Boletin,  vol.  7,  Buenos  Aires, 
1885,  pp.  435-45(K 
gj     *B.  Renault.    Recbercbes  sur  les  v<^g<$taux  fossilcs  dn  genre  Astromyelou.    An- 
aales  des  Sciences  G6ologiques,  vol.  10,  1885,  pp.  1-34,  pi.  7-9. 

'Dr.  J.  Felix.    Untersucbungen  Uber  fossile  Holzer.    Zweites  StUck.    Dent.  geoL 
1«m1L,  Zeitschr.y  vol.  38,  1886,  pp.  483-492,  plate  xu. 
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in  which  he  describes  six  sx>ecies,  distributed  as  follows:  Pityoxylon 
4n€equaley  from  Alaska;  Pityoxylon  Krameij  from  the  Little  Missouri, 
in  Dakota;  Cupressoxylon  errah'^im,  Mercklin,  f^om  Copper  Island,  in 
Sehriug  Strait;  Cupressoxylon^  cf.  sylvestre^  Mercklin,  from  Little  Mis* 
8oari,  Dakota ;  Laurinium  Meyerij  from  New  Guinea,  and  TcenioxyUm 
eperuoideSj  from  Negro  Island,  in  the  Philippines. 

In  a  short  paper  ^  read  before  the  American  Association  at  the  Buf- 
falo meeting  (August,  1886),  Prof.  E.  W.  Clay  pole  reports  the  occurrence 
of  Dadoxylon  antiquius  and  D.  Neivberryi  in  the  Carboniferous  of  Ohio. 
Other  wood  was*  found,  but  so  poorly  preserved  as  to  be  useless  for 
purposes  of  determination. 

Papers  which  were  of  less  value  were  published  by  Blanckenhom,' 
Beck,'  and  others. 

To  treat  in  anything  like  an  exhaustive  or  satisfactory  manner  the 
elaborate  memoir  of  Professor  Williamson  on  the  organization  of  the 
fossil  plants  of  the  coal  measures,  of  which  mention  was  made  above, 
would  require  much  more  space  than  is  at  my  disposal,  and  an  analysis 
of  the  contents  and  value  of  one  of  them  must  be  taken  aa  a  sample  of 
all.  These  papers  have  appeared  from  time  to  time,  since  1871,  in  the 
Philosophical  Transactions  of  the  Eoyal  Society  of  London.  The  first 
is  on  the  Calamites,  a  group  of  Carboniferous  plants  that  has  been  in 
confusion  from  time  immemorial.  In  the  beginning  Professor  William- 
8on  propounds  four  questions  concerning  this  group,  as  follows: 

1.  Do  aU  the  well  known  plants  hitherto  doHignated  Calamites  belong  to  one 
natural  family,  or  there  are  two  groups  of  these  objects — the  one  cryptofj^ivuic,  repre- 
sented by  the  true  Calamites,  and  the  other  phanerogamic,  and  represented  by  the 
Calamodendron  of  Brongniart  ? 

2.  Are  there  si'veral  genera,  divisible  into  numerous  S{>ecie8,  with  well  marked 
internal  charactcrintics,  or  are  there  but  few  specific  types,  each  of  which,  though 
they  are  all  constructed  upon  one  common  plan,  exhibits  a  wide  range  of  variability 
in  the  details  of  its  internal  organization. 

3.  What  are  the  casts  commonly  known  as  Calamites,  and  what  parts  of  the  plants 
do  their  varied  superficial  markings  represent? 

4.  To  what  living  plants  are  these  fossil  forms  most  closely  related? 

To  all  these  questions  the  specimens  in  hand  suffice  to  give  answers, 
according  to  Williamson,  who,  after  describing  minutely  the  structure 
of  his  specimens,  proceeds  to  draw  the  conclusions  from  them. 

To  the  iirst  question  he  replies  that  the  Calamites  are  undoubtedly 
cryptogamic,  but  that  they  possess  a  much  higher  organization  than  is 
seen  in  any  of  the  living  cryptogams,  and  there  Is  proof  that  they  have 
au  undoubted  exogenous  mode  of  growth. 


*E.  W.  Claypole.  Preliminary  note  on  some  fossil  wood  from  the  Carboniferous 
of  Ohio.     Am.  Askoc.  Adv.  Sc,  Proc,  vol.  %\  IH?^,  pp.  219-220 

2 Dr.  Max  Blanckenhorn.  Die  fossile  Flora  des  Buntsandsteins  und  des  Muschel- 
kalkes  der  Umgegend  von  Com  morn.  Palaeontographica,  vol.  :i2,  1886,  pp.  117-154, 
plates  xv-xxi. 

'Richard  Beck.  Beitriige  zur  Kenntniss  der  Flora  des  sachsischen  OUgooana. 
Deut.  geol.  Gesell.,  Zeitschr.^  vol.  a*^,  18^^,  pp.  342-352,  plate  vii. 
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To  the  Becoiid  question  lie  rpplies  tliat  we  Laye  two  very  distinct  types  a 
of  calamitBH  cliurly  difltiuguitshed  from  oua  another  by  presence  or  ah-  ■ 
lenoe  of  certain  Btnictnml  peculiarities. 

The  casts  called  Calainites  be  regards  not  as  the  resnit  of  filling  up 
sf  cavities  formed  by  decay,  bnt  by  filling  of  cavities  formed  uatorally 
jy  a  process  of  absorbtion  during  the  life  of  the  plant. 

That  the  modem  Eqnisetaceie  are  the  only  living  representativea  with 
iFhicli  the  Calainit^s  can  be  compared  he  does  not  doubt. 

Many  elegant  illnstrations  accompany  the  article. 

In  a  airnilarly  exhaustive  manner  are  taken  up  the  Lepidoendnv,  8ig- 
illarim,  AsterophylliteB,  etc. 

GEOLOGICAL   AND    GEOGRAPHICAL  DISTRIBUTION  OF  THE 
POTOMAC   FORMATION. 

It  is  now  necessary  to  diaeuas  briefly  tlie  geological  iiosition  and  geo- 
graphical distribution  of  the  tormation  from  which  the  wood  herein  de- 
scribed was  obtained.  This  forinatioa  was  described  at  length  by  Prof. 
W.  B.  Rogers  in  the  annual  report  of  the  geological  sarvey  of  Vir- 
ginia for  1K4U,'  where  it  was  designated  as  the  Jurasao-Cretaceous  or 
Upper  Secondary  Sandstone.  It  is  laid  down  upon  the  primary  rocks 
akmg  their  eastern  boundary  in  the  State  of  Virginia  and  is  in  its  tarn 
y  undoubted  Tertiary  strata.  The  Potomac  formation,  the 
1  it  is  now  more  generally  known,  is  the  one  i>roposed  Iiy 
'  Uie  TT,  S.  Geological  Surrey  to  distinguish  it  as  a  local  formation  and 
to  fix  more  definitely  its  position  in  the  geological  scale.  From  the 
palfeobotanicat  evidence  available  in  1885  Mr.  W.  J.  McGee  coQBidereif 
it  to  be  "  Lower  Cretaceous  in  age — the  American  equivalent  of  the 
European  Neocomian." '  Prof.  William  M.  FoDtaioe,  on  the  other 
hand,  from  an  exhaustive  study  of  the  leaf  and  cone  impressions,  is 
inclined  to  regard  it  as  beloDging  to  the  Weatden,  while  Prof.  O.  0. 
Marsh,  who  bas  studied  the  animal  remains,  regards  it  as  Jurassic. 

As  to  the  nature  of  the  material  comprising  this  formation  Bogers 
says:'  "These  strata  consist  of  sandstones,  slates,  shales,  and  conglom- 
erates, and,  as  might  be  anticipated,  display  much  variety  as  to  color, 
texture,  and  solidity."  In  and  about  the  District  of  Columbia,  Mr. 
McGee  describes  it  as  being  composed  of  "mottled  clays,  gravels,  and 
laminated  sands  and  claya"  It  is  thus  observed  to  present  consid- 
erable diversity  of  character  and,  as  might  be  expected,  offers  in  the 
different  members  very  unequal  conditions  for  preservation  of  organic 
remains.  It  attains  in  some  instances,  as  along  Potomac  Creek,  ao  ob- 
served  thickness  of  from  sixty  to  seventy  feet,  but  in  general  the  expos- 

'See  Oeology  of  the  Virginia^,  pp.  437-149.     New  York,  IHM. 

^  The  Oeology  of  the  District.    Tbe  Eveaiog  Star,  WoshiDgton,  Jalj:  LI,  1885. 

*  Op.  oit.,  p.  442. 
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ares  are  mach  less  than  this,  being  rarely  over  thirty  or  forty  feet.  Its 
total  thickness  must  be  two  hundred  or  three  hundred  feet,  or  even 
more. 

The  geograjihical  distribution,  both  on  the  north  and  on  the  south, 
has  been  extended  considerably  beyond  the  points  indicated  by  Profes- 
sor !Bogers.    Thus  the  southernmost  point  at  which  the  Potomac  form- 
ation has  been  detected  is  Weldon,  North  Carolina,  where  it  was 
observed  by  Messrs.  McGee,  Fontaine,  and  Ward,  in  July,  1885.    From 
this  point  it  extends  almost  directly  north,  occurring  in  irregular  and 
scattered  outcrops,  to  the  Nottoway  Biver,  which  was  indicated  as  the 
southern  limit  by  Rogers.    From  Petersburgh  it  extends  northward  in  a 
narrow  belt,  oflfering  good  exposures  on  the  Appomattox,  James,  9outh 
Anna^  North  Anna,  Bappahannock,  and  Potomac  Bivers.    It  touches 
the  Potomac  at  Acquia  Creek,  and,  extending  up  past  Mount  Vernon, 
which  Rogers  considered  as  the  northern  terminus,  embraces  a  large 
portion  of  the  District  of  Columbia.    Thence  it  extends  to  Baltimore, 
where  extensive  outcrops  containing  abundant  X)lant  remains  have 
been  observed  by  Mr.  McOee.    The  most  northern  point  at  which  this 
formation  has  bc^n  identified  by  fossils  is  near  Havre  de  Grace,  at  the 
head  of  Chesapeake  Bay.    This  outcrop  was  visited  by  Messrs.  McOee 
and  Ward  in  1885,  and  a  few  plant  remains  were  obtained,  but  a  more 
extended  exploration  is  necessary  to  complete  our  knowledge  of  this 
locality.    Quite  recently  gravelly  deposits,  evidently  representing  this 
formation,  have  been  observed  b^^  McGee  on  the  highlands  of  north- 
eastern Maryland,  northern  Delaware,  and  southeastern  Pennsylvania, 
overlooking  Chesapeake  and  Delaware  Bays,  as  far  north  as  the  Schuyl- 

• 

kill  Biver.  It  may  yet  be  found  that  the  Baritau  clays  of  New  Jersey 
rest  conformably  upon  the  Potomac  formation,  but  of  the  truth  of  this 
we  can  only  conjecture  at  present. 

THE  OEGANIO  REMAINS  AND  THEIR  MODE  OF  OCCURRENCE. 

The  organic  remains  of  the  Potomac  formation  occur  principally  in 
lenticular  i)ockets  of  a  hard,  bluish  clay,  which  bear  evidence  of  having 
been  transported  in  mass  from  the  original  bed  in  which  they  were  laid 
down.  These  x>ockets  vary  in  their  dimensions,  some  being  only  a  few 
feet  in  length  and  one  or  two  feet  in  thickness,  while  others  are  two  or 
three  rods  long  and  from  three  to  ten  feet  thick.  It  is  more  than  prob- 
able that  originally  this  material  was  deposited  in  shallow  water,  which 
was  fresh,  or  at  most  but  slightly  brackish.  An  unknown  thickness, 
filled  with  the  debris  of  vegetable  growth,  was  here  accumulated,  after 
which  there  was  a  gradual  uplifting  of  the  land.  This  newly  emerged 
land  was  now  subjected  to  the  powerful  action  of  moving  water,  which 
cut  down  and  transported  a  large  portion  of  it,  leaving  now  and  then 
these  irregular  or  lenticular  masses,  which  were  eventually  surrounded 
and  covered  by  a  lighter  material,  and  the  whole  was  finally  buried 
under  the  Tertiary. 
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Gooil  exposares  of  tbis  formation,  oontaiDing  lignite  and  silicifleA 
wood,  occur  at  Fort  Washington,  White  Hoase  Landing,  and  Acqnift 
Ci  eek  on  the  Potomac ;  at  Dutch  Gap  and  vicinity,  on  the  James  Biver; 
and  also  in  the  cities  of  Washington  and  Baltimore,  where  excavations 
have  been  made.  Cuts  along  the  lines  of  railways  which  pass  through 
this  formation  often  give  good  sections.  Most  of  the  specimens  de- 
scribed in  the  following  pages  came  from  these  localities. 

The  wood  of  this  formation  occurs  nnder  two  widely  different  condi- 
tions, viz :  as  lignite  and  as  silicified  wood.  There  seems  to  be  almost 
no  transition  between  the  two  forms,  althongh  in  one  instance,  in  a 
silicificd  specimen  from  the  new  reservoir,  Washington,  a  few  small  lig- 
nitized  areas  were  detected.  There  is  reason  for  supposing,  however, 
that  some  of  the  silicified  forms  are  also  represented  in  a  lignitized 
state,  that  is,  owing  to  different  conditions  of  fossilization  some  speci- 
mens of  a  species  were  silicified,  while  others  were  turned  to  lignite. 

The  lignite  is  much  more  abundant  than  the  silicified  form,  occurring 
in  the  above  mentioned  lenticular  masses  in  pieces  of  considerable  size 
and  in  the  loose  surrounding  material  as  minute  fragments,  which  shows 
that  this  latter  is  the  result  of  the  wearing  awa>  of  a  large  part  of  the 
original  deposit.  One  of  the  largest  specimens  noted  was  found  at  Fort 
Washington.  This  was  a  log  about  five  feet  in  length,  eight  Inches  in 
width,  and  ibur  in  thickness.  A  cross-section  of  this  si>ecimen  of  course 
would  have  been  lenticular,  showing  that  it  had  been  subjected  to  great 
pressure.  A  transverse  section,  as  seen  under  the  microscope,  (PI.  I, 
Fig.  2),  siiows  the  cells  completely  collapsed  and  distorted  by  the  pres- 
sure. 

In  color  this  lignite  is  almost  uniformly  jet  black,  in  a  few  cases  being 
of  a  sli;;htly  brownish  cast.  It  has  a  specitic  gravity  of  about  1.333.* 
and  breaks  wi I h  a  true  conchoidal  fracture  like  ordinary  anthraeite. 
When  thus  bi'oken  it  does  not  exhibit  superllcially  the  slightest  trace 
of  or^ranic  structure  (see  PI.  1,  Fig.  5  c),  although  careful  microscopic 
examination  of  tiiin  sections  shows  it  to  be  generally  present.  It  may, 
however,  be  split  ah)ng  certain  lines,  notably  in  a  direction  parallel  to 
the  medullary  rays,  when*  very  jdain  structure  shows  su[)eriicially. 
ViewiMl  as  an  opaciue  o  »ject  (PI.  I,  Fig.  5),  the  outlines  only  of  the  wood 
cells  and  niedulhiry  rays  are  dete(;ted. 

Sup])osing  a  priori  that  all  parts  of  this  lignite  must  exhibit  traees, 
at  least, of  organization,  its  intense  blackness  naturally  becomes  a  serious 
obstach*  in  the  way  of  a  satisfactory  examination,  since,  in  order  to 
make  a  successlul  study  with  the  higher  powers  of  the  microscope  the 
si)ecimen  must  be  thin  enough  to  be  view<»d  by  transmitted  light.  An 
att<Miipt  was  made  to  grind  down  sections,  after  the  usual  manner  of 
cutting  rock  sections;  but,  even  when  the  sections  were  so  thin  as  to 
be;iin  to  bn»ak  in  fragmcMits  and  be  torn  from  the  slide,  they  still  re- 
mained too  opacjue   tor  even  a  ray  of  light  to  pass  through.     Other 


*  Kiiidls  <U'triiinue(l  lor  uie  l>y  Mr.  (Jeorge  1*.  MerriU,  of  the  U.  S.  NatioDal  Museum. 
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eibods^  as  inoineration,  boiling  in  acids,  etc.,  were  equally  ansnccess- 
il.  The  method  finally  adopted,  and  which  proved  eminently  success- 
il,  was  that  recommended  by  Griffith  and  Henfrey  in  their  Micrographic 
Hctionary,  second  edition  (p.  178),  for  the  examination  of  coal.  The 
peeinoieiis  are  macerated  for  a  week  or  more  in  a  strong  solution  of 
arbonate  of  potash,  ^^  at  the  end  of  which  time  it  is  possible  to  cut 
olerably  thin  slices  with  a  razor.  These  slices  are  then  placed  in  a 
ratch  glass  with  strong  nitric  acid,  covered,  and  gently  heated }  they 
lOon  tarn  brownish,  then  yellow,  when  the  process  must  be  arrested  by 
bopping  the  whole  into  cold  water,  or  else  the  specimen  would  be  dis- 
tolved.  The  slices  thus  treated  appear  of  a  darkish  amber  color,  very 
aransparent,  and  exhibit  the  structure,  where  existing,  most  clearly." 
Che  specimens  are  then  carefully  washed  in  pure  water  and  are  best  ex- 
imined  in  glycerine,  and  may  be  mounted  permanently  in  cells  of  this  fluid. 

The  translocency  obtained  by  this  process  is  brought  about  by  the 
liBSolving  oat  of  the  hydrocarbons  by  the  potash.  This  shows  that 
there  can  be  little  or  no  free  carbon  present,  else  it  could  not  be  dissolved 
by  the  liquids  used.  The  intense  yellow  color  produced  is  probably  due 
to  the  presence  of  picric  acid,  of  which,  owing  to  its  great  coloring 
power,  only  a  trace  would  be  necessary. 

The  silicified  wood  occurs  in  situations  similar  to  the  lignite,  but  gen- 
erally in  larger  pieces.  One  trunk  seen  by  Messrs.  McGee  and  Ward 
at  the  new  reservoir,  Washington,  was  about  twenty  feet  below  the 
surface  and  was  reported  to  have  been  between  thirty  and  forty  feet 
long.  It  had  a  diameter  of  nearly  two  feet  and  was  but  slightly  flat- 
tened. Other  smaller  specimens  from  the  same  locality  were  more 
flattened,  and  a  transverse  section  as  seen  under  the  microscope  shows 
the  cells  to  be  distorted  by  pressure.  Generally,  however,  the  tissue  is 
very  perfectly  preserved  in  the  silicified  specimens  and  admits  of  care- 
fid  dissection  and  study. 

Id  color  the  specimens  vary  from  almost  white  to  jet  black,  sometimes 
showing  a  transition  between  the  two  colors  in  the  same  specimen.  The 
oidy  examples  of  a  decided  yellow  were  collected  by  W.  J.  McG^e  in  a 
eot  on  the  Baltimore  and  Ohio  Railroad  half  way  between  Montelloand 
Bives  Station,  D,C.  These  were  small  fragments;  yet  they  have  the 
structure  very  perfectly'  preserved  in  places. 

The  method  employed  in  preparing  these  woods  for  study  is  that  com- 
inonly  followed  in  the  preparation  of  petrographic  specimens,  viz :  slicing 
^d  grinding  to  the  requisite  thinness  and  mounting  in  Canada  balsam. 

SYSTEMATIC   DESCRIPTION  OF  LIGNITE. 

A  great  many  specimens  of  lignite  have  been  examined  by  the  pro- 
^8  mentioned  above — from  Baltimore,  from  the  new  reservoir  and  vi. 
cinity,  Washington,  from  Fort  Washington  on  the  Potomac,  from  the 
l^utch  Gap  on  the  James  River,  and  from  other  localities  throughout 
^e  area  covered  by  this  formation — and  the  result,  although  not  as  sat- 
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inniotttry  lirt  could  1)6  wished,  is  probably  all  that  coald  be  expected  i 
dor  llio  rin'.iiinNtanc4f0.  The  most  cai$ual  examination  shows  that  t 
iiuilorltil  hiiH  Inmmi  subjected  to  great  pre^snre,  which  has  so  entir 
oiiinhiMl  iiiid  dJNtorted  the  cellular  elements  that  it  is  difficult  in  ma 
oiiNrM  l4i  rrco^nizi;  the  original  form.  The  examination  of  a  large  sei 
III'  mM*l  IniiM  Mc.rves,  however,  to  give  a  pretty  correct  general  idea  of 

A  liiiimvej'Ms  section  like  that  given  in  Plate  I,  Fig.  2,  shows  1 
III  111(111  of  Mils  r^lls  to  be  almost  entirely  closed  np  by  lateral  presso 
riiiN  H\u*4:iuivu,  which  was  collected  in  the  new  reservoir,  Washingt 
liy  Ml'.  M(;()ee,  is  one  of  the  best  obtained.  In  most  of  those  stud 
llii^  InrHHun;  hail  seemingly  l>een  greater,  and  consequently  the  origi: 
iiniliiicM  of  the  cells  were  more  difficult  of  determination,  as  thejl 
Itrrii  rriished  and  crowded  upon  one  another  in  great  confusion. 

A  I'JMlial  section  shows  the  medullary  rays  to  be  in  great  abundai 
{VUiU:  I,  Fig.  3),  and,  like  the  wood  cells,  to  have  been  considerably! 
Ini'h'd  by  pressure.  In  a  few  cases  some  of  the  cells  of  the  rays  were  All 
tiiiloM}  being  subjected  to  this  pressure,  with  a  hard  substance,  wb 
H  art  more  resistant  to  pressure,  and  consequently  they  retain  nearly  tb 
original  form.  The  infiltration  of  this  substance  must  have  been  qn 
iircidental  and  without  any  regularity  of  action,  since  not  one  cell 
twi«rity  is  thus  preserved.  The  irregular  distribution  of  these  ray  a 
is  shown  by  a  glance  at  the  tangential  section  (Plate  I,  Fig.  1).  1 
nninlNM' of  cells  entering  into  the  composition  of  each  ray  varies  com 
Mrat)ly,  ranging  in  vertical  section  from  as  few  as  two  or  three  to  as  ma 
tkh  fifty  orniore.  By  this  is  to  be  understood  the  average  of  all  the  sp^ 
inims  examined.  In  some  of  the  sj)ecimens,  as  for  example  those  fr 
the  new  reservoir,  the  rays  are  rarely  ever  more  than  twentv  cells  hi 
wU'iU'  in  others  there  may  be  as  many  as  forty  or  titty.  In  most  ca 
tin*  rays  are  but  one  cell  broad,  althoujjh  in  a  few  instances  sections  hi 
ln*en  obtaineil  with  the  rays  two  cells  broad.  In  one  poorly  presen 
example  there  seemed  to  be  several  cells,  perhaps  as  many  as  four,  w 
a  larger  one  in  the  center.  This  appearance  may  have  been  the  resul 
pressure,  and,  if  so,  would  of  course  have  no  value,  but  if  natural 
would  indicate  that  the  specimen  belon*:ed  to  *.he  genus  Pityoxylon. 
was,  however,  too  indefinite  to  be  more  tban  su^^gestive. 

As  for  pits  or  markings  on  the  rays,  they  seem  to  have  been  pre 
generally  wanting,  or,  at  most,  rarely  to  iiave  been  preserved  in  asa 
factory  manner.  They  have  been  observed  only  in  one  instance  (Plat 
Fig.  3  b).  where  only  two  pits  or  circular  markings  were  noted.  In 
dial  sections  the  cells  that  have  been  filled  with  the  harder  substai 
present  a  slightly  diilerent  ai)pearance,  being  granular.  I  at  first  n 
took  this  granulation  for  evidence  of  markings  on  the  walls,  but  a  m 
careful  study  convince<l  me  that  it  was  due  to  the  above  cause. 

In  tangential  sections  the  medullary  rays  are  seen  to  be  very  nuir 
ous,  but  this  ap])earance  is  due  partly  to  the  collapsing  of  the  wooil-c< 
by  pressure,  by  which  they  are  made  to  occupy  nearly  one-third  I 
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space  than  when  in  a  tnrgid  condition,  thas  bringing  a  greater  number 
of  rays  into  the  field  at  once.  Most  of  the  cells  are  crushed  flat,  only 
those  above  mentioneil  escaping. 

In  regard  to  the  identification  of  this  lignite  it  is  manifestly  impos- 
able  to  attempt  more  than  an  indication  of  its  general  character  and 
position.  That  it  is  coniferous  is  beyond  question.  The  absence  of 
wood  elements  other  than  trachelds,  which  were  provided  in  some  cases 
at  least  with  bordered  pits,  and  the  number  and  arrangement  of  medul- 
ItryraySy  make  the  coniferous  nature  clear.  From  the  abundance  of 
the  genus  Cupressinoxylon  in  the  Potomac  Formation,  as  shown  by 
the  silicified  examx)les,  it  is  probable  that  most  of  the  lignite  may  be 
dso  of  this  genus,  particularly  as  there  is  in  many  cases  a  marked  re- 
semblance, so  far  as  I  am  able  to  interpret  the  distorted  structure, 
between  it  aud'some  of  the  species  described  from  silicified  specimens. 
This  is,  however,  little  more  than  conjecture. 

The  variation  in  height  and  jn  breadth  of  the  medullary  rays,  as 
described  above,  indicates  that  several  species,  as  species  of  fossil  wood 
ire  understood,  entered  into  the  formation  of  this  lignite.  Whether 
these  characters  are  of  sufficient  importance  to  merit  specific  distinction 
ii  a  question  still  undecided. 

SYSTEMATIC  DESCBIPTION  OF  SILICIFIED  SPECIES. 

Cupressinoxylon  Goppert. 
(kpreuinoaeylon^  Goppert,  Mod.  foes.  Conif.»  1850,  p.  19G. 

This  genus,  as  it  is  now  emended,  is  a  somewhat  comprehensive  one, 
mclnding,  according  to  Kraus,  what  were  regarded  at  one  time  as  sev- 
eral distinct  genera.  Thus  we  have  Thuioxylon  of  Unger  and  End- 
lieher,  Physematopitys  of  Goppert,  a  part  of  Pinites  of  Goppert,  and 
Peoce  of  Witham,  all  embraced  under  Cupressinoxylon.  This  modern 
exteusion  of  the  generic  characters  in  the  study  of  fossil  wood  is  the 
direct  result  of  our  more  extensive  and  exact  knowledge  respecting  the 
iDtemal  structure  of  living  forms,  for  in  this  department,  as  in  all  the 
departments  of  paleontology,  our  knowledge  of  the  fossil  types  is  de- 
rived almost  entirely  from  comparison  with  their  most  nearly  related 
living  representatives.  As  our  knowledge  of  the  internal  organization 
of  living  conifers  has  been  gradually  worked  out  by  Goppert,  Kraus, 
Benet,  and  others,  the  fact  has  become  more  and  more  apparent  that 
types  founded  upon  these  characters  alone  must  be  regarded  in  a  meas- 
ure as  comprehensive ;  that  is,  species  founded  upon  external  characters 
niay  so  much  resemble  one  another  in  internal  structure  that  it  will  be 
impossible  to  distinguish  them;  and  in  like  manner  what  are  regarded 
ae  genera  may  resemble  one  another  to  such  an  extent  that,  if  we  had 


'There  is  a  coDsiderable  diversity  among  authors  as  to  the  way  this  word  is  to  be 
■pelled,  but  I  prefer  to  follow  Goppert,  not  only  because  his  name  has  the  claim  of 
priority,  bat  because  it  is  etymologically  correct.  The  root  is  from  the  tribal  name 
CDpreBunaiey  and  not  simply  the  generic  word  CapresBus. 
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them  only  in  a  fossil  state,  we  should  \ye  obliged  to  refer  them  toi 
single  type.  We  are  able  in  all  cases,  however,  to  recognize  familiei 
aiKl  tribes,  an<l,  as  1  he  above  examiile  is  an  extreme  case,  we  are  able  to 
distinguisli  genera  in  many  instances. 

This  looseness,  or  expansiveness,  of  structural  characters  doesnfll 

by  any  means  invalidate  the  results  obtained  from  their  study,  for,i 

Williiimson  truly  says,  nothing  can  have  the  value  that  a  stady  4 

internal  organization  has;  "it  is  the  basis  upon  which  all  recent  bota^j 

should  rest/' and  throngli  it  and  by  it  must  we  seek  for  the  explaw 

tion  of  many  of  the  otherwise  inexplicable  problems  of  the  original 

various  types  of  vegetation  and  of  the  line  of  development  that  has  ben 

followed  by  thoni.     If  it  can  be  shown  that  a  number  of  specieBM 

genera  have  an  identical  or  but  slightly  dissimilar  cellular  stractnn 

then  w-e  have  an  argument  that  can  not  l>e  controverted  of  their  eo» 

munity  of  origin,  for  the  characters  ilrawn  from  leaves,  flowers,  or  fniitti 

upon  which  reeent  sj)ecies  are  founded,  are  the  most  plastic  andtboM 

most  rea«lily  modified  by  change  of  environment.    The  structural  dft 

ments,  on  the  other  hand,  are  more  permanent,  and  undergo  chaogl 

and  modification  much  more  slowly.    As  proof  of  the  value  of  tUi 

method  may  be  cited  the  now  very  generally  acknowledged  systematt 

position  of  the  Conifene.    Botanists  have  generally  placed  the Conifen 

between  the  monocotvledonsand  dicotvledons  on  account  of  their, exoR 

euous  mo«le  of  growth,  but  paleobotanists  have  all  along  insisted  tha 

their  true  i)osition  was  between  the  cryptogams  and  the  ])hanerogaiiii 

and  have  substantiated  their  arguments  by  showing  that  there  is  agrad 

ual  transition  from  some  of  the  liigher  cryptogams,  which  are  only  kno^ 

in  a  fossil  state,  t<>  undoubted  conifers.     So  indistinct  is  this  lineof  d< 

markation  that  many  eminent  jialeobotanists  have  placed  the  Sigillaria 

which  are  now  believed  to  be  true  cryptogams,  among  the  Conifene. 

The  genus  Cupressinoxylon  is  characterized  by  Kraus  as  follows:* 

Li;;niiiu  ntnilis  ronmitricis  distinctis.  aiijjjustis;  crjlulis  proMencbyinatosiB  poron 
in>ris  iMa;:nis,  rotiimli'*.  iini  vol  pliiiisiMiulibus,  njipositis;  c-olliilis  resiniferis  creb€ 
riiiiis,  iliictilMi.s  r(>>iiiiiV'i  i.s  iiullis  ;  ratliis  iiiriluliarilnis  siinplicihiis. 

The  various  s])<»cinH»ns  that  1  hav<^  examined  from  the  Potomac  Fo 
mation  belong,  wilh  one  ext-rption,  to  this  g«»nus,  which  is  the  large 
one  founded  ui)on  internal  structun*.  .Most  of  the  specimens  arerathi 
small,  although  a  few,  as  for  examph*,  those  from  the  new  reservoi 
Washington,  are  from  trnnks  that  weie  of  very  large  size.  In  the 
structural  details  these  s|)ecinM»ns  exhibit  allinities  with  some  describe 
species,  but  as  they  dialer  in  one  or  mortMjf  the  chanu'ters  thatai'eco 
sidered  of  importance  1  have  described  them  all  as  new.  The  view 
this  specific  distinctness  is  still  further  strengthened  by  the  fact  thi 
the  species  most  nearly  relate*!  to  them  come  from  difterent  horizoi 
and  also  from  distant  localities.  Tlu',  question  of  relationship  will  1 
discussed  under  each  speci(»s. 

1  In  Schiiiipir:  Trait<«,  Pal.  V<Jg.     Vol.  II,  p.  374. 
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CUPRESSINOXYLOX  PULCHELLUM,  n.  Sp. 

Plate  II,  Figs.  1-4.      . 

Han. — Annaal  ring  moderately  distinct,  1.25  to  3""*  broad ; 
small,  rather  thick  walled,  with  bordered  pits  only  on  radial 
lae  in  a  single  row  ;  medullary  rays  numerous,  simple,  1  to  15 
: ;  resin  ducts  numerous,  of  a  chain  of  short  thin  walled  cells. 
!cimen  upon  which  the  alxfve  species  is  founded  was  collected 
I  Sayles,  of  the  U.  S.  Geological  Survey,*  at  Spring  Hill,  on  the 
he  Appomattox  River,  half  way  between  Petersburg  and  City 
k.  It  is  a  perfectly  silicitied  fragment  about  12<'°»  in  length  and 
meter.  In  transverse  section  the  pith  is  very  clearly  observ- 
g  a  little  to  one  side  of  the  exact  center  of  the  specimen, 
illary  rays  show  very  distinctly  even  to  the  naked  eye.  The 
Qgs  are  much  less  distinct  than  the  rays,  but  may  be  observed 
all  hand-glass.  The  general  color  of  the  specimen  is  yellowish- 
»lored  in  places  by  patches  of  black,  due  to  the  infiltration  of 

opic  analysis. — Transverse  section:  As  above  stated,  the 
ell  preserved  and  is  found  to  consist,  when  viewed  under 
•scope,  of  numerous  large,  rather  thick  walled  cells,  with  an 
T  nearly  circular  outline.  The  larger  cells,  which  have  a 
of  from  .05™°*  to  .08™™,  occupy  the  center,  from  which  they  de- 
size  and  pass  more  or  less  gradually  into  the  medullary  rays, 
are  very  numerous  and  pass  in  nearly  a  straight  line  to  the 
3nce.  Unfortunately  no  trace  of  the  bark  remains.  The 
are  arranged  with  great  regularity  in  radial  rows,  and  are  re- 
for  their  small  size,  particularly  where  they  are  in  Contact 
)ith.  As  the  medullary  rays  diverge,  new  layers  of  tracheXds 
alated  to  fill  up  the  space,  as  shown  in  Plate  II,  Fig.  2.  The 
larkation  between  the  annual  layers  js  generally  well  defined^ 
rood  (Herbstholz  of  the  Germans)  consisting  of  from  five  to 
pressed  cells  in  each  radial  row.  The  spring  wood  (Friihlings- 
gists  of  much  larger  cells,  which  have  a  diameter  of  from 
035™™.  These  cells  are  more  nearly  hexagonal  than  the  others, 
asing  gradually  in  size,  pass  into  the  next  ring  of  fall  wood, 
section:  In  this  section  the  tracheuls  are  seen  to  be  long  and 
mth  a  single  longitudinal  row  of  bordered  pits,  which  have 
e  outer  diameter  of  from  .017™™  to  .021"'™.  The  inner  circle  of 
J  rather  small,  with  a  diameter  of  from  .005™™  to  .006™™.  The 
'  rays  are  cut  up  into  comparatively  short  cells,  each  one  cov- 
space  of  five  or  six  of  the  tracheids ;  markings  seem  to  be 
>m  the  walls  of  the  rays,  but  the  real  st^te  of  affairs  may  be 
y  the  petrifying  material,  which  has  evidently  somewhat  dis- 
the  original  structure.  The  resin  ducts  are  numerous,  as  is 
the  presence  of  two  in  the  section  figured.    (Pi.  II,  Fig.  1). 
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Theae  ducts  (Harzzellen  of  tbe  Genuaus;  couduita  r^sineux  8ti»|)I 
of  the  Frencli)  congist  of  a  chain  of  »bort,  regular  cells,  wliicli  a 
slightly  constricted  at  th«  euds.  The  iDdividnnI  cells  are  from  .08"'" 
.15°""  In  leiigtli,  and  are  usually  filled  with  nuDute  globnles  of  dark 
matter,  represeuted  by  dots  in  the  drawing. 

Tangential  section:  In  this  section  the  luudullary  rays  are  seen  to  tail 
very  abundant.  They  are  always  simple  aud  consist  of  a  single  Uyi 
which  ranges  from  1  to  15  cells  in  Ijeight,  the  average  number  I>eii 
about  seven  or  eight.  The  Iracheids  do  not  show  bordered  pits  on  tl 
tangential  walls,  a  fact  of  considerable  importance. 

Toere  are  points  of  resemblance  between  tbe  Potomac  form  and  tl 
following  described  species:  Cupre8«inoxyJon  sj/lvestre  Mercklin  (Pala 
dendrol,  ross.  p.  58,  pi.  xiii,  figs.  1-6),  Cupresaifioxyion  Brevemi  MerckU 
(op.  cit.,  p.  71),  Cujireisinoxylon  pacliyiiemia  Goppert  (Mou.  foas.  ConiE 
p.  199,  pi.  XXV,  figs.  1-2),  Cvpressinoj-ylon  jvniperinnm  Goppert,  T/iiq 
oxplum  juniperinum  Nug.,  (Chlor.  prot.,  p.  31),  and  Cladorvpressinojyfa 
Protolarix  Felix  (Stnd.  iib.  foss.  Holz.,  p.  46).  These  species  all  diffei 
however,  in  one  or  more  characters,  which  are  considered  of  tasonoml 
value,  from  the  Potomac  species,  which  I  have  consequently  ventorg 
to  describe  as  new.  More  complete  and  perfect  material  may  show  til 
relationships  to  be  closer  than  is  now  suspected ;  but  even  in  that  caa 
it  would  be  doubtful  whether  the  species  were  identical,  coming  as  tliq 
do  from  such  widely  different  geological  and  geographical  positions. 


Plate  II.  Fig.  fi;   Piate  ni,  Figs.  1-5. 

Description. — Annual  ring  very  distinct,  from  2""'  to  4.5""°  broad ;  ti 
cheids  remarkably  large,  thick  walled,  closely  covered  with  from  one 
three  rows  of  large  bordered  pits  on  the  radial  walla  and  a  few  scattered 
ones  on  the  tangential  walls ;  medullary  rays  simple,  from  2  to  49  cell^ 
high,  covered  on  the  lateral  w;i]U  with  numerous  oblong  pores;  resio 
ducts  simple,  numerous,  composed  of  a  chain  of  thin  walled  cells. 

The  type  of  this  species  was  collected  by  W.  J.  McGee,  of  the  D.  8j 
Geological  Survey,  tjrom  excavations  made  for  the  new  reservoir  of  tfa| 
water-works  extension,  Washington,  D.  LI.  It  had  originally  a  lengtl 
of  nearly  forty  feet  and  a  diameter  of  almost  two  feet.  It  was  sonu; 
what  flattened  by  pressure,  the  shorter  diameter  being  considerabl) 
less  than  the  longer.  Tbe  trunk  was  exposed  at  a  depth  of  aboql 
twenty  feet  below  the  surface,  aud  must  have  belonged  originally  to  i 
tree  of  large  size.  To  the  naked  eye  the  annual  rings  are  very  iodijl^ 
lincU  The  medullary  rays,  however,  are  easily  observed  and  are 
to  pursue  a  very  tortuous  course,  due,  in  part  at  least,  to  the  diali 
tion  caused  by  the  pressure  to  which  it  bad  been  subjected.  The  bar) 
was  not  preserve<l  iu  any  of  the  pieces  examined. 

Microscopic  anai^sis.— Transreree  section;  This  section  shows 
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rachelds  to  be  arranged  in  strict  radial  rows,  and  also  indicates  their 
reat  size.  The  annual  ring^  as  above  stated^  is  broad,  consisting  in 
)me  cases  of  as  many  as  fifty  or  sixty  of  the  larger  and  from  ten  to 
ixteen  of  the  smaller  thick- walled  cells.  The  larger  cells  are  mostly 
aadrangular  in  outline  and  have  a  diameter  in  some  instances  of 
)80"",  the  average  being  about  .068"".  The  cells  of  the  fall  wood 
ave  very  thick  walls  and  are  much  flattened.  Intercellular  spaces 
le  frequently  observed,  particularly  where  additional  rows  of  tra- 
helds  have  been  intercalated  (PI.  Ill,  Fig.  1.  c).  The  medullary  rays 
le  moderately  numerous. 

Badial  section :  The  large  size  of  the  tracheMs  is  very  clearly  shown 
D  this  section,  most  of  which  is  made  up  of  summer  wood.  The  tra- 
ibefds  in  the  fall  wood  are,  of  course,  much  smaller  and  are  covered 
rith  but  a  single  row  of  pits.  The  bordered  pits  are  very  close  to- 
gether on  the  summer  wood  and  are  always  in  two  and  in  some  excep- 
ionally  large  cells  in  three  rows.  They  are  also  very  large,  the  outer 
arcle  having  a  diameter  of  from  .020""  to  .025"",  and  the  inner  of  from 
Dft5*"  to  .008""".  The  walls  of  the  medullary  rays  are  marked  by  large 
ml  pores,  from  one  to  three  of  which  occupy  the  width  of  a  single 
rood  oelL  These  i>ores  are  about  .015""  in  length  and  .010""  in  the 
ibort  diameter.  The  resin  ducts  consist  of  a  chain  of  short,  small, 
bin  walled  cells,  which  now  contain  a  small  quantity  of  granular 
batter,  representing  probably  the  drops  of  resin.  The  individual  cells 
lave  a  length  of  from  .12""  to  .25""  and  a  diameter  of  about  .05"", 
ilightly  less,  it  will  be  observed,  than  the  tracheMs  among  which  they 

HD. 

Tangential  section:  The  medullary  rays  are  always  simple;  that  is, 
ihey  consist  of  but  a  single  row  of  cells,  which  varies  from  2  to  49  cells 
n  height.  The  tracheids  are  provided  on  the  tangential  walls  with  a 
ew  scattered  bordered  pits.    These  have  a  diameter  of  from  .016""  to 

Kl»"». 

This  species,  which  I  take  pleasure  in  naming  in  honor  of  the  col- 
ector,  shows  remarkable  affinities  with  several  species  that  have  been 
lescribed  by  Mercklin  from  the  Tertiary  of  Russia.  So  close,  indeed, 
8  the  resemblance  that  I  was  at  first  iucliued  to  describe  it  under 
^06  of  Mercklin's  names,  but  a  more  careful  examination  has  shown 
Knnts  of  difference  which  seem  to  entitle  it  to  specific  rank.  Thus  0. 
^naianum  Mercklin,  which  has  been  reduced  to  a  synonym  of  O.pan- 
micum  by  Felix  (Die  Holzopale  Ungarns,  1884,  p.  36),  differs  in  size 
>f  the  tracheids  and  in  the  size  and  shape  of  the  pits  on  the  radial 
i^allg.  The  ray  cells  are  also  unlike  in  shape,  and  they  differ  in  the 
inmber  of  cells  that  compose  them.  In  C.erratieum  and  its  variety 
"tertdinum  of  Mercklin  (Paheodendrol.  ross.,  pp.  60-63,  pi.  xiv  and  xv) 
'he  individual  resin  cells  are  much  larger  and  not  at  all  constricted  at 
^e  ends.  The  tracheids  are  smaller  and  mostly  provided  with  one  and 
i&ore  than  two  rows  of  bordered  pits.    The  pits  on  the  walls  of  the 


IS  FOSSIL   WOOD   AND   LIGNITE.  Ikjll  R 

iiioiliillnry  vwyn  also  differ  in  size  and  shape.  There  are  also  points  of 
HwotiiUlaiico  with  O.  nodosum  Goppert  (Mon.  foss.  Conif.,  p.  203,  pL 
wvlii,  t\^H.  1-4)  and  Pence  (Cupressinoxylonf)  affinis  linger  (Ghlor. 
pnit.,  |».  .'Ni),  but  they  are  more  remote  and  hardly  worth  consideration. 
|liiNitli«H  (h(*M4)  variations  in  anatomic  teatnres  there  still  remains  the 
i;rout«*i'  4»ne  of  the  difference  in  geologic  horizon.  O.  MeGeei  comes  from 
I  hit  tliiruMHic  or  the  very  lowest  Cretaceous,  while  all  of  the  above  spe- 
oiim  ai-o  found  in  the  Tertiary,  and  Kraus  has  given  as  his  opinion  that 
Hprcii'M  can  he  very  rarely  traced  from  one  formation  to  another  without 
(shiiugcH  in  form.* 

CUPRKSSINOXYLO.S  WaRDI,  U.  sp. 

PI.  IV,  FiKs.  1-4 :  PI.  V,  Figs.  1,  2. 

Deneription. — Annual  ring  distinct,  moderately  broad ;  tracheMs  me- 
ilium  in  size,  the  radial  walls  bearing  one,  rarely  two,  rows  of  bordered 
pits;  medullary  rays  two  cells  broad  and  from  one  to  thirty-five  cells 
high  ;  resin  ducts  simple,  not  numerous. 

This  species  is  represented  by  specimens  from  the  localities  which 
have  been  designated  by  the  letters  A  and  B,  respectively. 

A.  Several  small  fragments  collected  by  W.  J.  McGee  in  a  cut  on  the 
Washington  Branch  of  the  Baltimore  and  Ohio  Bailroad  about  half  way 
iMftween  Montello  and  liives  Station,  D.  G.  The  largest  piece  is  only 
«ciii  long,  G^°»  wide,  and  1*^'"  thick,  and  the  others  ai-e  much  smaller. 
They  are  all  very  poorly  preserved,  and  the  structure  can  be  made  out 
only  in  a  few  favored  spots. 

B.  A  small  piece,  hiirdly  .")'"'  sijuare,  collected  by  Lester  F.  Ward  from 
Free.stoue  Cut,  on  the  Neabsco  Creek,  Virginia.  Like  the  other  speci- 
mens, this  is  very  badly  presiMved,  and  the  structure  has  entirely  dis- 
ai)peared  in  many  places. 

The  specimens  from  both  localities  are  yellow  in  color,  and  have  the 
cavities  in  them  tilled  with  minute  quartz  crystals. 

Microscopic  analifsis. — Transverse  section  :  The  fragments  are  all  too 
small  and  too  ])0()rly  ]»rescrve(l  to  show  the  annual  rings  to  the  naked 
eye,  but  under  the  microscope  they  are  oiKserved  to  be  tolerablj' dis- 
tinct. The  nil*:  of  tail  wood  consists  of  from  three  to  six  or  eight  com- 
pressed cells  in  each  radial  row.  The  spring  wood  contains  some  very 
large  cells,  with  a  diameter  in  some  instances  of  .0()2"^™.  The  number  of 
cells  in  each  row  of  trac^heids  varies  according  to  the  width  of  the  an- 
nual ring,  tlien^  being  frequently  as  many  as  one  hundred.  Large  in- 
tercellnlar  s])aces  occur  particularly  wiiere  additional  rows  of  tracheids 
have  been  introduced. 

Radial  section :  In  this  section  the  tracheids  are  shown  to  be  pro- 
vided with  one  row,  or,  in  some  rare  instances,  with  two  longitudinal 
rows  of  bordered  pits.  They  occui)y  the  center  of  the  cell  and  are  close 
together,  almost  touching  in  some  cases.    The  larger  have  a  diameter 

-^  '  Kraus  in  Trait*'?  Pal.  Vcg.,  \V.  P.  Scliiiiipcr,  Vol.  2,  p.  368. 
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W^,  and  the  smaller  a  diameter  of  .015™»,  The  medallary  rays 
ist  of  typical  pareachymatoas  tissue.  The  individaal  cells  are 
b,  covering  the  width  of  from  four  to  eight  trachelds.  I  have  not 
able  to  detect  markings  on  the  walls  of  the  rays,  but  this  may  be 
ccoant  of  the  poor  state  of  preservation  of  the  specimens.  The 
I  ducts  are  not  numerous.  They  are  of  nearly  the  same  size  and 
e  as  the  tracheMs,  and  in  fact  look  very  much  like  trachelds  with 
iverse  partitions.  They  are  almost  always  empty, 
^ngential  section :  The  trachelds  are  not  provided  with  pits  on  the 
ential  walls,  or  at  least  none  have  been  detected.  The  medullary 
in  many  cases  are  two  cells  broad,  and,  as  above  indicated,  from 
to  thirty-five  cells  high.  The  individual  cells  of  the  rays  have  a 
leter  of  from  .Ol?™"*  to  .030"^. 

lis  species  I  take  pleasure  in  naming  in  honor  of  Pro£  Lester 
^ard,  who  collected  the  specimen  from  Neabsco  Greek.  It  has, 
the  others,  affinities  with  several  described  species,  but  the  resem- 
ces  are  too  vague  to  suggest  specific  identity. 

CUPRESSINOXTLON  COLUMBIANUM,  H.  Bp. 

PI.  IV,  Fig.  5;  PI.  V,  Figs.  3,  4 ;  PI.  VI,  Figs.  1-5;  PI.  VH,  Fig.  1. 

^cription. — Annual  ring  very  broad,  indistinct;  trachelds  very 
i  walled,  provided  with  one  or  two  rolls  of  small  pits;  medullary 

consisting  of  one  layer  of  small,  thick  walled  cells,  ranging  from 
B  to  forty  cells  in  height;  resin  ducts  numerous,  of  a  chain  of  short 
thick  walled  cells, 
lis  species  is  also  represented  by  specimens  fjrom  two  localities. 

A  piece  15«°»  long,  10«™  wide,  and  6«""  thick,  collected  by  W.  J. 
ree  at  the  Dutch  Gap  Canal  on  the  James  Biver,  about  twenty  miles 
w  Kichmond,  Va. 

Several  larger  pieces,  some  of  them  25«"  long,  collected  by  Prof, 
iam  M.  Fontaine,  of  the  University  of  Virginia,  from  "sandy  clay, 
tie  north  of  Mr.  Kankey's  house,  near  Neabsco  Greek,  Virginia.'' 
specimens  from  both  localities  have  been  severely  crushed  by  press- 
and  in  places  are  much  distorted.  They  are  grayish  in  color, 
sed  in  places  by  streaks  of  black. 

icroscopic  analysis, — Transverse  section:  The  annual  ring  is  very 
stinct,  although  not  entirely  absent,  as  I  have  observed  slight  traces 
;  among  a  mass  of  crushed  cells.  The  trachelds  are  arranged  in 
'  regular  radial  rows,  and  are  remarkable  for  their  nearly  uniform 
and  thick  walls.  The  larger  cells  are  about  .050°^  in  diameter, 
smaller  from  .030°»°»  to  .040™"*  in  diameter.  The  medullary  rays  are 
abundant  and  appear  very  narrow  as  seen  in  this  section, 
adial  section :  The  trachelds  are  here  seen  to  be  thick  walled  and 
«  covered  with  one  or  rarely  two  rows  of  bordered  pits,  which  are 
ler  small.  The  larger  pits  have  a  diameter  of  .015°^  aud  tkie  smalkx 
Bull.  56 4 
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a  diameter  of  only  .010"».  The  r^a  oonsiat  of  long  dallav  in  Anie 
provided  with  minate  round  pnnetatlont.  Thua' the  apeeiaMai 
Dntoh  Chap  ezhibita  them  in  plaoes,  bat  the  ITeabaoo  Oeek 
abow  bat  dight  traces  of  them.  The  leain  doeta  are  nnmenoa,  ImoM  -\ 
them  appearing  aide  by  side  in  a  dngle  flg;are  (PL  YI,  Fig.  ^  b  '; 
moBt  caaea  they  oonaiat  of  a  regalar  chain  of  short  cella  ooaatrietad  ife.  ■: 
the  Joints.  The  cells  of  the  specimen  ikom  Dntoh  Gap  axe  filled  vith  a  \ 
mnltitade  of  minnte  ronnd  globnlea.  In  the  other  apedmen  they  ara^  i 
nearly  empty.  .  .  :i 

Tangential  section:  l%e  medoUaiyrays  are  shown  to  hayeTetrsDialj 
eella  which  have  a  long  diameter  of  from  .01B"»  to  J117">*  and  «  ahcrt 
diameter  of  only  .01 0"»;  the  walls  of  the  tnudields  axe  so  thick  and  tka 
raya  so  small  that  the  walls  between  which  they  appear  axe  bat  aligbfi|y 
'^balged."    The  trachtfds  do  not  exhibit  pits  on  the  taagential'wallai    j 

There  are  resemblances  between  this  species  and  several  other  dto*  'i 
acribed  spedes,  bat  they  are  not  of  saffldent  importance  to  nqobee  ex-  ,' 
tended  consideration^  partiqalarly  as  th^  occor  in  widdy  aeparatsd  ; 
geologic  and  geographic  podtions. 

AR^UCABIOXTLON  Knms. 

•  • 

Aratuarioxffl^  Krans,  1870-^79.    In  Tnit6  Pal.  Y6g.,  W.  P.  Sohimper,  roL  %  p.  88QL  •  . 
Jfwtearitm  Piesl.,  18S(M38.    In  Sternberg's  Yere.,  vol.  S,  p.  SOS. 
Piniles  Witham,  1633.    Int.  Strnct.,  Foes.  Veg.,  etc.,  p.  72. 
Dadoryhn  Endltcher,  1847.    Synop.  Conif.,  p.  298. 
Pi8$ad€ndroH  Rndlicher,  1842.    Gen.  Plant.  Suppl.,  vol.  2,  p.  27. 
Palceoxylon  Bronguiart,  1849.    Tableau  des  genres  de  y^g^tanx  fossilesi  p.  77. 

ARAUCARIOXTLON  VIRGINIANUM  n.  Sp. 

Plate  VII,  Figs.  2-5. 

Description. — Annaal  ring  very  indistinct,  abont  2™°*  broad;  trachelds 
bearing  one  or  two  rows  of  hexagonal  pits  on  the  radial  wails;  medullary 
rays  simple,  of  from  1  to  27  saperimposed  cells ;  resin  dnets  none. 

This  species,  the  only  one  of  the  genns  that  has  been  found  in  tJie 
Potomac  formation,  was  collected  by  W.  J.  McGee,  at  Taylorsville,  Va. 
It  is  a  small  piece,  only  abont  lO^'"^  long  and  d^^  square,  and  is  grayish 
in  color.  The  structure  is  very  well  preserved,  although  somewhat 
disorganized  in  places  by  the  process  of  silicification. 

Microscopic  analysis, — Transverse  section :  The  annual  ring  is  not  per- 
ceptible to  the  naked  eye,  but  when  a  thin  section  is  examined  under 
the  microscope  it  is  observed  to  be  present.  The  actual  ring  or  line  of 
demarkation  between  the  layers  consists  of  only  three  or  four  rows  of 
slightly  smaller  and  thicker  walled  cells.  In  the  living  species  of  Aran- 
caria  the  annual  ring  is  usually  indistinct  and  not  infrequently  entirely 
absent,  both  conditions  sometimes  obtaining  in  different  parts  of  the 
same  plant. 

The  tracheMs  are  prominent  and  have  rather  thick  walls.    The  indi- 
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inal  cells  have  a  diameter  in  some  instances  of  .051'°™,  the  average 
ing  perhaps  .0375°*"".  They  are  arranged  in  radial  rows,  which  are 
ost  pronounced  in  proximity  to  the  medullary  rays.  In  places  when 
Iditional  layers  of  cells  have  been  intercalated,  considerable  intercel- 
lar  spaces  have  been  left  that  are  now  filled  with  nearly  transparent 
lica. 

Radial  section :  The  radial  walls  are  the  only  ones  observed  to  bear 
ordered  pits.  The  number  of  rows  vary,  even  on  the  same  cell,  from 
06  to  two.  When  there  is  but  one  row  they  occupy  th^  center  of  the 
bU  and  are  in  contact.  They  are  then  nearly  circular  in  outline,  and 
ave  a  diameter  of  from  .017"*°*  to  .020™™.  When  there  are  two  rows 
hey  are  in  contact  and  alternate  with  each  other,  and  have  a  nearly 
egnlar  hexagonal  outline.  These  hexagonal  pits  have  a  diameter  of 
rom  .016™™  to  .021™™.  The  inner  pore  is  very  small,  being  only  about 
W25™™  to  .0030™™  in  diameter. 

Tangential  section :  The  rays  as  seen  in  transverse  section  are  shown 
)0  be  single  and  to  range  from  one  to  twenty-seven  cells  in  height,  the 
average  number  being  about  ten  or  twelve. 

There  have  been  thus  far  about  forty  species  characterized  from  the 
?ood  which  are  now  referred  to  the  genus  Araucarioxylon.  This  genus, 
is  DOW  emended,'  is  of  very  great  antiquity,  having  had  its  origin  in  the 
itiddle  Devonian,  from  which  Dawson  has  described  five  species  in  this 
»imtry.  and  has  continued  uninterruptedly  to  the  Lower  Miocene,  from 
iphich  several  species  are  known.  The  living  species,  which  show  re- 
uarkable  affinities  with  some  of  the  fossil  forms,  are  undoubtedly  the 
ioeal  descendants  of  the  ancient  line.  The  antiquity  is  further  con- 
Irmed  by  the  number  of  species  that  have  been  described  from  leaf  or 
)one  impressions.  According  to  Zincken,  thirty-eight  species  have  been 
wported  from  below  the  Carboniferous,  forty- two  from  the  Carboniferous 
!>n>per,  ten  from  the  Triassic,  eighteen  from  the  Jurassic,  ten  from  tne 
Oretaceoas,  and  one  from  the  Tertiary.  Some  of  these  latter  sx)ecies 
inay  represent  the  branches  or  cones  of  some  of  the  forms  described 
Iiom  the  wood  alone,  but  we  are  at  present  unable  to  correlate  them,  aud 
[nobably  shall  always  remain  so.  It  would  be  very  satisfactory  if  we 
ooold  correlate  many  of  these  supposed  identical  forms,  for  by  so  doing 
the  number  of  paleontologic  criteria  would  be  reduced,  and  their  value 
K  stratigraphic  marks  proportionately  enhanced.  However,  we  must 
tte  them  as  they  are  and  look  to  more  careful  research  in  the  future 
tomipply,  if  possible,  the  links. 

In  indicating  that  the  above  species  is  new  to  science  I  have  followed 
Ae  method  of  exclusion  adopted  by  Beust  in  his  admirable  paper  on  the 
dossil  wood  of  Greenland. 

Taking  the  markings  on  the  wood  cells  and  the  height  and  the  breadth 
of  the  medullary  rays  as  the  most  important  diagnostic  characters,  an 
^x^ination  of  the  described  species  gives  the  following  results: 


FOSSIL   WOOD   AND    LIGNITE.  imjLL.  S4-« 

Species  ^icb  htne  but  one  longitudiDal  row  of  bordered  pits : 

Jraacarilen  Edlfardianv/  flSpp.  Jrauearilf-i  oriealalU  Gopp. 

^rauoariliu  Kcuitrrianue  Uapp.  Jranpariltt  biarmica*  Kat. 

Armioaritet  tlellarii  0»pp.  Jraumriorylan  Srhmidiafin  Fel. 

Araueariltl  Sdirollianui  Oiipp.  Dadorglna  mhrhoittoi'um  Grand'Etllj. 
Species  besriog  from  two  to  three  row» : 

AraHBariie*  Ballei  GQ)>p.  AraHivritru  carbnaaceui  05pp.  , 

AraucariUi  raUtjoteaiii  Hougeot.  Aratnarilo  uTf/illicola  Eichw, 

Araiicarilet  nubHUii  Mercklin.  Dadoi^lon  aniivlatvm  DswsoD.  ^ 

AraucaHtrt  mairriarnvi  Gitpp.  Dadotglon  anHyaiui  Dawson.  j 

AraHcariles  Uraitdlin'ji  GGpp,  4 

Species  haviug  one  to  three  or  more  rowa :  j 

Aravearitft  .%irptia»a  Giipp,  AraucariM  uiwftfpMi'*  G5pp. 

JraiMiHta  Saxantpiu  05pp.  AraucariM  KirhUri  Qfipp. 

Araucaritef  nitduIlarU  Gopp.  AraHearilm  pachylichHi  Oopp. 

AraucariM  cu(ireu«  Gopp.  Araucariles  SfijjmoHIAon  Gopp. 

Araararitet  (lerraiciM  Mercklin.  Dadorslon  iaifrtnrdium  Gnmd'Eiuy. 

Arauaariten  lleinertianut  Gopp.  Pity  With,  et  Liadl.  J 

Araucarilti  TMhaUktjfflatiiu  ORpp.  M 

AranDariles  acadianm  Gopp  [Ztoitofylon  ■ 

DawHiiu].  4 

It  now  remaios  to  examine  i^iich  aa  have  from  one  to  two  row8  of  bor*    * 

dered  pits,  and  to  show  the  poiuts  of  variation  between  tbem  and  the    i 

Potomac  species :  j 

^roMeari(«i  Eiiiorgir  Merckliu      From  the  Permiao  of  Russia.    Tie  medullary  r»r«    ] 

tMaajttb  o£  from  4  bo  lit  oolLj. 
Arauoariiei  vogt*iiioiu  Gopp.    From  the  Lower  Caiboniferoiu  of  NiedarbnrlMMli,    Coll* 

of  tbe  ray  ftota  1  to  20. 
Arauoarittt  tfephanmie  Grand  'Eory.    From  the  Carbon iferons  of  France.    Tliia  ap«- 

ciCH  has  tbe  rays  only  1  to  3  cells  high. 
AraneariiKcsUm  Beerii  Benat.     From  tha  Lower  Miocene  of  GnHmlaud.    Bay  cellafroai 

1  to  82  In  namber. 
Araucarioxglon  RhodeaKum  Gopp.    From  tbe  Permian  of  Sileaia.    Tbe  raya  are  omb-    . 

posed  of  two  rows  of  cells. 

It  will  be  observed  from  this  list  that  the  species  with  which  onr  plant 
shows  tbe  greatest  affinity  are  all  fh>m  the  Carboniferous  or  tbe  Per- 
mian of  Europe ;  bat  it  would  be  unreasonable  to  snppose,  provided  the 
identity  was  olose^  that  any  of  them  had  continued  unchanged  &om  tbe 
Oarboniferons  to  tbe  Potomac  formation,  for,  as  before  stated,  species 
rarely  pass  unchanged  fh>m  one  formation  to  another. 

These  considerations  teach  us  that  the  species  nnder  discasfiion  dif- 
fers in  essential  points  from  any  that  have  heretofore  been  described. 
I  have  named  it  AratKsarioxyUmVirgimainum,  from  the  State  in  which  it 
was  obtained. 


PLATES. 


53 


PLATE    I. 
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1*103.  1-5.  Lignite. 

Fig.  1.  From  the  new  reBerroir,  Woshlugton. 

Tangential  section,    a,  a,  a,  cells  of  □isilullary  rajs  Qlled  with  hard,  blMik    ; 
ealistance.     x  67.  I 

I     Fia.  2.  From  the  □ow  reuervoit,  WashiDgtoa.  •  J 

I  TraasTerse  BectioD.    o,  diatortoil  meilullar;  ny.     X  343.  1 

I    Tin.  3.  From  the  Dew  reservoir,  WasliitigCou.  .  4 

&         Kodtal  Mction.    a,  bordered  pit  on  woll-prowrvud  Crncheid ;  h.  two  amitll  pito  i 
W  on  mednllar;  ray.    x  'i*'2- 

TlO.  i.  Source  unkDon*]!. 

Tangentiftl  Motion,  ehoirinB  two  biully  onubed  and  distorted  mednlluy  n.yt. 
X  242. 
Fio.  5.  From  Neabsco  Creek,  Ya. 

Natoial  size,    a,  annnal  liDgs;  i,  traces  of  mednltary  rajrs;  i],aar&oe  axhib- 
iting  ooUDhoidul  Craotare  and  no  trace  of  atmotoce. 


i 


•  I'!  •{'  •'. ; 
1   :.'!  "'  i'l 
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PLATE  II. 

33.  1-4.  Cuprriiinoiiilon  pulchrltum,  Ti.  ap.     From  Bpriug  Hill,  i 


I  Appomattox  fiivet 


X  67. 
Fia.  3.  TraDHverae  section  o(  pith,     a,  a,  celli  of  pith ;  i,  b,  meAallarj  rftfB;  <^ 

trtLchefilH  in  contaot  with  pitta.     X  67. 
Fia.  4.  Tsnijeiitial  sectioa.     a,  medatlury  ray  of  Blugl.e  cetl.     X  6T. 
:g.  S.  CapreMinoji/lon  JTcGwt,  n.  sp.     From  the  new  roHervoir,  Washington,  D.  C. 
BtMlial  HBotioD.    a,  point  at  ubiuh  thu  Htructnre  bos  diiutppeareU ;  >,  b,  medullary 

rnye,  mostly  otaowing  obloDK  porea,     x  €T. 
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PLATE  ni. 

1-5.  CiipTt.»tinox]iIon  Mc(lai,a.  up.     From  thoiiow  rowirvoir,  WashinKton.  D-^> 
IQ.  1.  Tranaverae  section  ebowing  auiitiitl  ring.     n.  cells  of  tnll  wimhI  :  A.t.ipicil 

cell  of  spiiQg  vood ;  c.  Itage  ioMrueUular  apace;  d,  d,  araaller  intcroflUn'*' 

Hpocos.      X  67. 
10.3.  TauKciitial  section,    u.  resiii-dci>I :  b,  ft.  bordered  pits  oD  taogeDllftl  »*!!<: 

0,  seollons  of  jiits  on  radial  walls.     X  (iT. 
IG.  3.  Radial  Hection.     Same  wiotion  as  Fig.  &,  PI.  II.      X  StU.     a,  a,  pits  0° 

-walls  of  medullary  rays;  ft.  ft,  pita  on  walls  oftracheldB. 
lO.  4.  Transvprse stotion  frirthrr onliirgnl.    a,  niedulUry  ray ;  ft,  b. oella ofipring 

Kouil ;  c,  si-c.1  LOU  of  pitM  on   rniilal  walls ;  d.  ai-ctioo  uf  pil.H  on  tacgentikl  wall. 

FiQ.  5.  Tangential  section.    a,resin-dact;  ft,  ft,  bordered  pita  on  tracbslda;  ^4 
bordered  pita  on  reain-daot  oonueoted  by  spiral  lines. 
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V.  O.  li.  R.     TungentiAl  ■■ 


Pioa.  1-1.  Cuprauitu^tlon  FTonfi,  u.  ap. 

Fig.  1.  F^oiii  N'H»b»oo  Cnwk.  Va,    Tran»TerBfl  upption  throHuh  oiiniial  rlnR.     a, 

toelk  of  fnll  wood;  b,  chIIb  of  spring  wood  ;  d,  e,  r,  \arge  intercelliiUrapucM. 
x»r 
FiQ.  a  Prom  cut  on  B. 
11117  two  c£Hb  broiul. 
Sta.  3.  From  cut  on  B.  i.  O.  B.  R.     Radial 
BJOgterow  of  pita  on  tracheldji.     x  tiT- 
■      Fig.  4.  From  ciil.iui  H.  &  O.  R.  R.     Tranavi^rat^  M^ctiaii  fiirtlji-r  MilarRPcl.      n,  cells 
of  Hmallannnal  rinfr;  6,  medullary  ray ;  c,  hexagoual  cavityiu  thesiliea  wbicb 
QIU  the  cell,     x  242. 
Fia.  5.  Cnprunnti/yfoR  Columbian un,  n.  up. 

From  Neabecn  Creek,  "Va.     Transverse  aeotion  Bhowiug  reslD-duot,  a.     x  S^ 


a,  reslu-iluet;  b,  raedaU 
a,  a,  medallarr  rttyt;  i,. 


PLATE    V. 


ea 


•Miaerglmi  IFerili.  n.  f\i. 
"la.  I.  Prom  i<iil  ou  B,  &  O.   It,   R.     TranHverae  Mtctlou  ILroug)!  ■ 

a,  wllBdf  IliU  wood;  b,  b,  b,  m«lun»r.v  rnys;  e,  vBrylnrgo  iateruBlliilst  «p»*i 

X«7. 
'lu.  3.  Pmni  Neabwo  Crook,  Vu.     Bodlal  seotlnn.     o,  iniHiullafy  ray;  &.  truhM 

with  two  row*,  of  l.nnl.Ti>il  pilB.  x  liT. 
.1,  4.  CuprnmlruaslaH  ColHmbfimiiBi,  ii.  nji. 
'i(j.  3.  From  NealiHco Creek,  Vn.     Radial seption.     a,  rmiii-daut;  (,  h,  modnlUlT 

r»y8.     X  CT. 
PlQ.  4.  From  Dutch  Gap  Cnnal,  Vo.     l\iti({Votml  section,     x  S7- 


PLATE    VI, 


Bull.  50 5 


♦>:> 


FZOB.  1-5,  CtrprfMJnozjrltm  Columbianum,  u.  sp.     From  Dutoli  Qap  Cuiftl,  Tft. 

Ftu.  1.  TranBverae  section,     a,  a,  medQllarf  rays;  b,  typiciil  trachelds.     x  67. 

Fia.  2.  Radial  section,    a,  a,  reatn-dnDta;  b,  h,  Diednllary  raifi,     x  67. 

FlQ.  3.  TrBDBverae  section  farther  enlarged,     a,  medullaTf  ray;  b,  b,  typicKt  cells 

of  spring  vood.     X  ^2> 
Fta.  4.  Tranitverse  leotinn  orresiii-daet,  a.     X  S4Q. 
Fig.  5.  Radittl  acction  further  onlargod.     o.  cell  of  resin-doct  filled  with  minute 

globalsa  of  resin;  h,  traoheld  with  a  single  row  of  bordered  pits;  c,  tracbeld 

with  two  rows  o(  bordered  pits.     X  'Hi. 
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PLATE  VII. 

.  1.  Cupr$$9inoxylon  Columhianum,  n.  sp.    From  Nesbsco  Creek,  Va. 

Tangential  section.     X  67. 

«.  2-5.  AmucarioxyUm  Firginianum,  n.  sp.    From  TayloTBYille,  Va. 

Fio.  2.  Radial  section,    a,  a,  medullary  rays;  6,  trachelds  with  two  rows  of 

hexagonal  pits ;  c,  walls  of  trachelds  dislocated  by  preflsore.     X  67. 
Fig.  3.  Transverse  section,    a,  a,  a,  medullary  rays;  b,  5,  interoellolar  ipftcei. 

X  67. 
Fig.  4.  Tangential  section,     a,  sections  of  bordered  pits  on  radial  walls.    X  ^' 
Fig.  5.  Radial  section  further  enlarged,    a,  single  row  of  rounded  pits;  h^  donbto 

row  of  hexagonal  pits.     X  242. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Intbbiob, 
U.  S.  Geologioal  Suevby, 

Potomac  Division, 
Junction  Cityj  Kans.^  May  24, 1889. 

« 

Sib  :  I  have  the  honor  to  transmit  to  yoa,  by  direction  of  Mr.  W.  J. 
^^cGtoe,  chief  of  this  division,  a  report  of  a  reconnaissance  in  southwest- 
^^-n  Kansas,  made  in  the  summer  of  1885,  with  some  additional  matter 
^^oorporated  therewith,  as  the  result  of  other  journeys  into  the  same 
^^«£^on  made  particularly  for  the  purpose  of  determining  the  geological 
^^elatioiis  of  the  recently  discovered  beds  of  rock-salt  and  of  continuing 
^t^e  observatioiis  into  Colorado.    The  value  of  the  work  is  enhanced  by 
^fclie  kind  encouragement  received  during  its  progress  from  my  immediate 
ohief^  Mr.  McGtoe.    It  is  also  proper  to  say  that  valuable  aid  was  re- 
oeived  from  Hoik  J.  B.  Mead,  of  Wichita,  J.  H.  Simmons,  of  Welling- 
toUf  and  other  citizens  at  Harper,  Medicine  Lodge,  Kingman,  Hutch- 
inson, and  Dodge  Oity.     The  Atchison,  Topeka  and  Santa  F6,  the 
.  Soathem  Kansas,  and  the  Missouri  Pacific  railways  gave  transpor- 
tation fiMdlities.    Engineers  of  these  roads,  and  also  of  the  <^  Frisco 
Soad,"  kindly  supplied  me  with  tables  of  elevations  on  their  newly 
Borveyed  routes. 

ISie  determination  of  fossils  has  been  made  by  Drs.  0.  A.  White  and 
W.  H.  Dall. 

I  am,  sir,  yours  respectfully, 

Bobebt  Hay, 
Assistant  Geologist 
Hon.  J.  W.  Powell, 

Director  U.  8,  Geological  Survey j  WashingtoUj  D.  0. 
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INTRODUCTION. 


By  W  J  MoOee. 


During  the  period  of  active  prosecation  of  geologic  sarveys  under 
^tate  auspices  within  the  Mississippi  Valley^  the  structure  of  that  re- 
&on  was  definitely  made  out,  and  its  formations  were  correlated  with 
greater  or  less  precision  with  those  of  the  Atlantic  Slope;  but  these  State 
investigations  were  not  carried  forward  to  the  region  then  commonly, 
AS  now  occasionaUy,  known  as  the  Oreat  Plains.    During  the  partly 
oontemi>oraneoa8  and  partly  subsequent  period  of  active  exploration 
luid  scientific  investigation  of  the  western  territories  by  the  Federal 
Government,  the  geologic  phenomena  of  the  Rocky  Mountain  region 
^^vere  elucidated,  and  certain  of  the  formations  found  there  were  corre- 
lated ni>on  purely  paleontologic  grounds  with  those  of  the  East  and  the 
middle  West — ^the  broad  Mississippi  Valley.    But  although  a  score  of 
geologists  traversed  the  Oreat  Plains  from  time  to  time,  and  although 
Iialf  a  dozen  official  and  amateur  geologists  have  systematically  studied 
different  i)ortions  of  the  region,  there  yet  remains  a  great  area,  com- 
prising considerable  portions  of  Dakota,  Nebraska,  eastern  Colorado, 
Kansas,  Indian  Territory,  and  Texas,  within  which  little  is  known  of 
the  geologic  structure  through  direct  observation  by  trained  specialists. 
The  indeftniteness  of  knowledge  concerning  the  formations  of  this  great 
area  and  their  distribution  is  strikingly  indicated  by  the  discrepancies 
In  the  various  geologic  maps  covering  it.    There  is  thus  a  hiatus  in  geo- 
logic exploration  within  the  Great  Plains,  which  it  is  desirable  to  close. 
The  geologic  history  recorded  in  the  Paleozoic  rocks  of  the  Missis- 
sippi Talley  and  in  the  degradation  of  the  same  region  after  its  emer- 
gence, is  exceedingly  simple :  During  the  Paleozoic,  deposition  was  slow, 
and  the  formations  are  thin,  remarkably  uniform,  and  approximately 
conformable  throughout  great  areas,  and  are  indicative  of  slight  and 
slow  alteration  in  continental  configuration ;  and  the  emergence  of  the 
land  at  the  close  of  the  Paleozoic  was  a  simple  vertical  movement 
effected  without  material  disturbance  of  the  strata.    During  the  Meso- 
zoic  ttiere  were  occasional  eras  of  quiet  deposition  of  shoal  water  sed- 
iments,  probably  at  one  time  extending  as  far  east  as  the  Mississippi 
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Biver  fW>m  the  oonflnence  of  the  St  Oroiz  soathward ;  bat  dmlsff  ttl 

and  yet  so  slightly  elevated  and  so  slightly  disturbed  by  teelpold 
meats  that  degradation  has  iea<Aed  bat  a  sinatt  fhMstlon  of  that  I 
by  most  portions  of  the  terrestrial  sarlhoe.  In  the  Bodky  limnrtdh 
regioni  on  the  contrary,  the  yarions  geologic  phenomena  reeocd  a  Mh 
plex  history.  Daring  the  Paleosoic,  sedimentation  was  ia|rid  bofe  ifsif^ 
nlar,  betokening  great  concarrent  geographic  changes ;  oortab  of  Ai 
MesoBoic  formations  are  of  enormoos  thicknessi  while  at  oUier  boriaiw 
occnr  great  onconformities  which  together  indicate  repeated  and  I» 
portantchangesofsea  and  land.  Daring  portions  of  OenoaoietlaM^de||^ 
sition  was  rapid,  while  daring  other  epochs  the  land  stood 
altitade  above  the  waters  into  which  its  debris  was  carried  that 
was  wonderfiilly  active ;  and  the  latest  records  inscribed  In  the  lodii 
of  the  region  are  of  almost  anparalleled  degradation^  whtsh:  iknfeig  a 
brief  period  has  removed  many  times  as  moch  matter  ftom  the  aariWi 
as  has  been  removed  fkom  the  Mississii^  Valley  dariajg  te  antoll 
ages  of  slow  degradation.  There  is  thas  a  disoropanqr  bitaMsa  Hm 
testioHMiy  of  the  rocks  in  the  Mississippi  Yalley  and  that  of 
M oontain  phenomena  which  it  is  desirable  to  harmonise  hgr 
the  intervening  region,  in  order  ttiat  geologie  conceptiona 
fted  and  geologic  interpretatioa  redaced  to  a  common 

In  the  eastern  United  States  there  is  a  great  blank  in 
tory  at  the  close  of  the  Paleosoic,  for  the  Triassic  roeka  of 
have  not  yet  been,  and  perhaps  never  will  be,  ftiUy  interpreted*  la 
the  Mississippi  Yalley  there  is  a  great  blank  in  the  samepcwtionof  tht 
geologic  record,  for  the  Mesozoic  outliers  upon  the  Paleosoic  tecraaeii 
extending  far  towards  the  Mississippi  Biver,  represent  not  the  com* 
menoement,  but  rather  the  close,  of  the  Mesozoic  And  in  the  Boeky 
Monntain  region  the  Triassic  rooks  generally  leave  anrepresented  a 
considerable  interval  between  the  Paleozoic  and  Mesozoic  systems,  and 
in  their  stractore,  composition,  color,  dearth  of  fossils,  and  many  other 
respects  fairly  bristle  with  problems  yet  unsolved.  So  there  is  a  hiatal 
in  the  American  geologic  section,  and  in  the  time  it  represMits,  which 
it  is  desirable  to  bridge ;  and  since  there  occur  within  tilie  G-reat  Plaiai 
extensive  rock-masses  which  have  been  tentatively  referred  by  somi 
geologists  to  the  Paleozoic  and  by  others  to  the  later  Mesosdo,  it 
seemed  probable  when  this  reconnaissance  was  projected  that  by  ia» 
vestigation  there  the  blank  might  be  filled. 

The  snperftcial  deposits  of  the  earth  are  namerous  and  variaUa  aad 
difflcalt  of  interpretation.  They  have  generally  been  olassifled  1^ 
conditions  of  genesis.  Now  the  glacial  drift  of  the  northern  Untied 
States  has  been  extensively  studied  and  is  fairly  understood;  tte 
loess  extending  firom  near  the  margin  of  the  glaciated  area  towaidl 
the  Oulf  presents  a  riddle  yet  but  partly  read ;  the  idlavial  aad  Ht- 
toral  deposits  of  the  Mississippi  embayment  are  not  fully  interpmCed; 
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the  pfoducts  of  aeonlar  rock-disintegration  nnder  varioas  conditions 
hare  mily  xeeeDtly  begun  to  recoive  serious  attention  i  the  great  allu- 
tU  ftuia  and  taluses  fringing  the  Bocky  Mcuntain  region,  which  have 
been  accomnlating  ever  since  the  emergence  of  the  land  or  the  birth  of 
flie  moniitaiiis,  have  embarrassed  American  geologists  just  as  their 
Bmopeaii  homologue — the  ^'Nagelfluh''  etc. — ^has  mystified  the  geolo- 
gists of  the  Old  World;  and  the  superficial  deposits  upon  the  Plains, 
whiob  have  some  of  the  characteristics  of  all  these  accumulations,  pre- 
sent a  many-sided  problem  whose  solution  will  unquestionably  facilitate 
the  interpretati<Mi  of  each  of  the  clearly  differentiated  deposits.  Thus 
there  is  an  immeasurable  blank  in  our  knowledge  of  composite  saper- 
fldal  deposits  which  investigation  in  the  Great  Plains  promises  to  fill. 

There  have  been  found  in  Petite  Anse  and  adjoining  islands  on  the 
Louisiana  ooast  extensive  deposits  of  salt  associated  with  gypsum,  the 
sxtraetion  of  whichis  rendered  difficult  by  thedepth  beneath  tide.  Now, 
reports  of  the  occurrence  of  salt,  and  extensive  beds  of  gypsum  have 
gone  oat  from  western  Kansas,  Indian  Territory  and  contiguous  parts  of 
Colorado  and  Texas,  and  it  is  important  to  ascertain  whether  these  re- 
ports are  well  founded  and  whether  the  occurrence  of  the  minerals  indi- 
esles  the  existence  of  either  the  same  or  equally  extensive  deposits  of 
rock  salt  in  these  localities,  for  the  obstacles  to  ready  extraction  met 
St  Petite  Anse  Island  do  not  exist  there. 

Oarbonaceous  shales  and  lignites  are  of  frequent  occurrence  in  por- 
tions of  the  Great  Plains,  and  have  led  to  brilliant  expectations  among 
the  citizens  of  Nebraska,  Kansas,  eastern  Colorado  and  Texas,  and  to 
eostly  prospecting  and  extensive  investments  in  property,  and  it  is 
desirable  that  the  questions  as  to  the  existence  within  these  States  of 
lignites  or  true  coals,  and  of  their  position,  extent  and  value  if  found, 
ahoold  be  definitively  answered  at  an  early  day. 

With  the  westward  extension  of  settlements  upon  the  plains  the 
diiBorent  ooeapations  to  which  the  various  portions  of  the  region  are 
idapted— agricultural,  pastoral,  etc — have  come  to  overpass  their 
sstond  limits.  Thus  i^culture  presses  upon  the  zone  naturally 
idapted  to  stock-raising,  and  stock-raising  presses  upon  the  zone  of 
Tuiable  climate  in  which  the  profits  of  a  successful  lustrum  are  swal- 
lowed up  in  the  losses  of  one  unsuccessful  year.  Now,  in  order  that 
dther  agriculture  or  stock-raising  shall  reach  the  best  results,  it  is 
essential  that  the  character  of  the  soil  and  its  adaptability  to  given 
prodacts  be  understood,  that  the  capabilities  of  irrigation  by  surface 
waters  beoonaider^,  that  the  possibilities  of  artesian  water  supply  for 
irrigation  and  for  other  uses  be  determined,  and  that  many  other  rela- 
tfams  between  the  rocks  of  the  earth  and  present  and  prospective  in- 
dustries and  enterprises  be  ascertained. 

^ese  and  other  considerations  have  led  to  the  inauguration  of  sys- 
tematio  investigation  in  the  region  described  in  the  following  pages, 
Wbieli  comprise  the  preliminary  report  of  a  rapid  reconnaissance, 
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The  scientific  and  economic  questions  involved  have  not,  howeveri 
been  fally  settled  by  the  reconnaissance,  but  it  is  believed  that  Mr. 
Hay's  report  will  be  found  to  contain  valuable  contributions  to  oar 
knowledge  of  a  region  important  but  little  studied. 

Although  no  attempt  has  been  made  to  finally  classify  the  formations 
examined  or  to  trace  their  distribution  in  detail,  the  provisional  cartog- 
raphy of  the  region  is  a  substantial  addition  to  American  geology: 
The  limits  of  the  Carboniferous  group  of  rocks,  within  which  valuable 
coal  beds  unquestionably  exist,  have  been  defined ;  the  structure,  min- 
eral  contents,  stratigraphic  relations,  and  geographic  extent  of  the 
puzzling  gypsiferous  *^  Bed  Bocks,''  which  have  been  variously  referred 
to  the  Permian,  the  Dakota  formation  of  the  Cretaceous,  and  to  several 
intermediate  horizons,  have  been  ascertained,  and  the  uncertainty  as 
to  their  age  and  position  has  been  mat'Crially  narrowed  ^  the  character 
of  the  lignitiferous  Cretaceous  deposits  has  been  made  out,  and  the 
different  formations  have  been  correlated  tentatively  with  those  of  the 
montanic  region  ^  the  Tertiary  formations  have  been  defined;  and  sev- 
eral distinct  superficial  deposits  have  been  discriminated,  and  their 
genesis  has  been  determined  in  part 

Practical  considerations  prevented  the  extension  of  the  reconnais- 
sance into  the  montanic  region,  within  which  the  geologic  agencies 
have  been  so  much  more  active  than  in  the  little  disturbed  Mississippi 
Valley ;  but  throughout  the  investigation  the  agencies  and  processes 
have  been  considered  as  the  products  were  studied,  the  significance  of 
uuconforinities  has  been  appreciated,  and  some  progress  has  been  made 
in  reconciling  the  diiscrepaut  records  of  the  two  widely  diverse  geologic 
provinces. 

The  correlation  of  the  formations  and  the  final  interpretation  of  the 
early  Mesozoic  passage  beds  were  unfortunately  impeded  by  the  dearth 
of  fossils,  and  little  has  been  done  in  this  direction. 

Although  the  questions  as  to  the  character  of  the  soils,  the  extent 
and  value  of  the  salt,  gypsum  and  lignites,  the  irrigation  problem,  the 
artesian  well  problem,  and  the  various  other  economic  questions  con- 
sidered, have  not  been  specifically  answered,  the  salient  mineral  char- 
acters of  the  rocks  have  been  ascertained ;  and  with  the  profiles  of  the 
country  and  the  fall  of  streams,  the  composition  and  attitude  of  the 
strata  upon  which  the  artesian  flow  depends,  etc.,  have  been  set  forth 
in  general  terms,  and  a  substantial  foundation  for  more  detailed  future 
investigation  has  been  laid. 

It  may  be  mentioned  that  Mr.  Hay  has  been  engaged  in  amateur  geo. 
logic  studies  in  Kansas  for  some  years,  and  thus  has  brought  to  his 
task  general  familiarity  with  the  phenomena  of  the  region  and  many 
valuable  data  which  could  have  been  gained  otherwise  only  at  the  cost 
of  much  time  and  labor;  and  it  is  just  to  add  that  although  the  expen- 
ses of  the  journeys  were  borne  by  the  United  States  Geological  Survey, 
his  own  labor  and  that  of  his  assistant  were  performed  gratuitously. 
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L  GEOLOGICAL  RECONNAISSANCE  IN  SOUTHWESTERN  KANSAS. 


By  BoBEBT  Hay. 


GENERAL  STATEMENT, 

This  report  relates  to  a  reconnaissance  wtiich  was  made  ander  in- 
itroctions  from  the  chief  of  the  Potomac  Division,  dated  May  27, 1885. 
Chose  instractions,as  far  as  they  directly  relate  to  the  work  to  be  done, 
were  as  follows: 

We  need  a  section  through  Kansas  fh>m  east  to  west  which  shall  exhibit  the  rela- 
dons  of  the  various  formations  of  the  State,  particularly  those  of  post-Carboniferous 
ige.  I  think  it  possible  to  construct  such  a  section  along  the  Arkansas  Biver  from 
*]ie  border  of  the  Carboniferous  in  about  longitude  98^  W.  to  the  eastern  line  of,  or 
perhaps  one  or  two  hundred  miles  within,  the  State  of  Colorado.  In  case  there  are 
not  sufficient  exposures  there,  some  other  line  might  be  chosen.  In  the  collection  of 
material  for  the  section  it  is  desirable  that  attention  should  be  given  not  only  to  the 
eastern  margins  of  the  Mesozoic  and  Cenozoio  formations  as  they  now  exist)  but  to 
the  erosion  that  the  formations  have  suffered  about  their  peripheries,  in  order  that 
Llie  positions  of  the  successive  shores  of  these  ages  may  be  determined.  The  forma- 
bions  themselves  and  the  contained  fossils  should  also  be  subjected  to  careful  exam- 
ination in  order  to  ascertain,  if  possible,  whether  they  were  deposited  in  saline, 
brackish,  or  fresh  waters.  The  physical  condition  of  the  sediments  should  also  re. 
Delve  attention,  since  such  condition  may  indicate  the  depth  of  the  waters  in  which 
they  were  laid  down  and  the  positions  of  the  shores. 

The  phenomena  due  to  post-Pliocene  agencies  should  also  be  studied.  There  is  in 
I*exas  and  in  Indian  Territory,  and,  so  far  as  I  can  learn,  in  Kansas,  a  superficial  de- 
posit of  gravel  and  siliceous  pebbles.  A  related  gravel  also  occurs  in  the  northern 
portion  of  the  great  plains  in  western  Nebraska.  The  origin  of  thi»  gravel  (inciud- 
ing  the  sources  of  the  material  and  manner  of  its  distribution)  should  be  ascertained, 
And  also  its  relations  to  present  drainage,  to  '' second  bottoms,''  and  to  any  other 
ftuvial  or  littoral  terraces  that  may  exist  in  the  region. 

Certain  limitations  as  to  cost  accompanying  these  instmctions,  the 
icmmey  made  conld  be  only  a  reconnaissance.  It  lasted  seven  weeks. 
Since  then  I  have  spent  ten  days  in  the  neighborhood  of  Pueblo,  and 
have  also  made  another  brief  trip  to  Barber  Gonnty,  Kansas,  and  sev- 
eral trips  have  since  been  made  into  different  parts  of  the  region.  All 
of  these  have  added  to  the  material  nsed  in  this  report.  Theactnal 
i^ontes  taken  will  appear  farther  on  and  are  indicated  on  the  map. 

The  region  explored  has  been  somewhat  of  a  terra  incognita,  geo- 
liogically.  Thongh  several  statements  have  been  made  conc(\ming  it, 
some  of  them  semi-officially,  yet  no  definite  account  of  its  geology  has 
l^een  made  public,  and  it  is  not  known  that  any  reliable  geologist  has 
^one  more  than  make  a  hasty  trip  to  some  part  of  it. 
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There  has  been  a  general  impreeslon  among  aolentille  meata 
that  an  irregnlar  line  slanting  from  east  of  norfli  to  aoaih  ef  wea^aai 
crossing  the  thirty-ninth  parallel  near  its  inteiseotioa  wtth  tha  flUh 
Principal  Meridian,  approximately  indicates  all  aeroas  tha  State  Iki^ 
east^n  bonndaiy  of  the  Oretaoeoos  formations,  the  loweat  of  irfrishli 
Kansas— the  Dakota  has  been  found  particalarijr  rich ia foffil  }mftt 
of  dicotyledonons  plants.  This  formation  Is  seen  In  many  pliioes 
ing  directly  on  rocks  well  known  to  be  of  Oarbontfeioiis  ag< 
iforons  strata,  yielding  good  building  stone--the  so-called 
limestone— appear  all  across  the  State  from  the  fortieth  to  tha  lUirt|k 
seyenth  parallel,  and  are  known  to  be  continuous  both  north  and  sootfc 
beyond  the  boundaries  of  the  State.  It  has  been  prasomed  thafc  ^ 
Dakoto  was  also  continnous  southwaid  across  the  ft  rksnis  Alsvf  li 
aad  beyond  the  State  line^  this  opinion  having  bsan  ftipaA  wttMRt 
aotual  observation  by  geologists,  mainly  because  red  aaadtatelis  wip 
were  reported  to  exist  in  sontitem  Kansas  and  Indian  TsHteSilt 

It  was  also  assumed  that  the  Benton  and  Niobrara  ^ookfe  mtp  npw 
aentad  witdi  a  still  wider  development  south  of  the  i  rirsnsac  fa  Ite 
Vorthwest  it  has  been  known  that  Tertiary  depesito  hmB  MMvsd  4|i 
Oretaoeous,  and  these  deposito  have  usually  been  leteriad  teFUa  Ma^ 
cene.  Profl  B.  F.  Mudge  many  years  ago  suggested  that  aoaia  psrtif ' 
this  Tertiaiy  covering  was  possibly  Miocene,  as  alap  dbl  PfotJ^Jk 
Oope,'  but  they  gave  no  stratlgraphi6  descriptions  ngqfa  wMA  ^tl*' 
tinction  of  the  rook  masses  could  be  based.  From  the  tasaA  af  Ihi 
Tertiaries  in  the  northwestern  counties — north  of  east  to  south  sf 
west — ^it  was  inferred  that  there  coald  be  little  orno  devdopment  of 
these  formations  soath  of  the  Arkansas  Biver,  where  it  was  supposed 
the  Oretaoeoos  deposits  extend  to  and  beyond  the  Colorado  line.  Ai 
will  appear  later,  these  assamptions  as  to  both  Oretaoeous  and  ler 
tiary  were  erroneous. 

In  the  years  1884-'85  nomeroas  mammalian  fossils  were  found  in 
northwestern  Kansas  (Aphelaps^  Oamelus^  etc)  and  the  Tertiary  bedp 
yielding  them  were  thereby  identified  as  the  Loop  Fork,  which  PioC 
Oope  has  pronoonoed  to  be  of  Miocene  age.  A  little  later,  in  a  '^  fn- 
liminary  Report  on  the  Geology  of  Norton  Oounty,''^  made  to  the  Kaasm 
Academy  of  Science,  November  21, 1883,  I  gave  a  desoriptioa  ^  the 
stratigraphic  relations  of  the  Loop  Fork  to  the  newer  Tertiary  abovB 
it  and  the  Oretaoeoos  (Niobrara)  below  it.  It  was  then  shown  m- 
bally  and  by  diagrams  that  the  Oretaceoos  strata  had  been  exteusifstF 
eroded  before  the  deposition  of  the  Loop  Fork,  and  that  the  Leap 
Fork  had  in  its  torn  been  eroded,  largely  on  the  same  lines,  befiMEC  Ihe 
deposition  of  the  later  Tertiary,  which  was  pronounced  provisionaflyl> 
be  the  Bqoos  beds  of  Oope.  The  erosion  since  has  also  beea  aeaily  on 
the  same  lines  as  the  pre-  and  mid-Neocene.  This  report  will  dM»w  ttit 
these  distinctions  obtain  extensively  sooth  of  the  Arkansas  Bivec. 


^TrsQe,  KaQ8»9  AQ»a.  Sci.,  Vol.  IX,18a5,  pp.  17-24 ;  4q4  1^190  pabliahed  o^sisH^ 
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In  1866  Profl  G.  0.  Swallow  described  as  ^^Triassic''  what  is  now 
lown  as  the  Dakota,  and  F.  H.  Bradley's  geologic  chart  of  1875  marks 
e  same  area  as  Jarassic.  As  this  is  now  known  to  be  erroneous  for 
e  region  north  of  the  Arkansas  Biver  to  the  Nebraska  line,  it  was 
samed  that  it  was  also  wrong  for  the  territory  south  of  that  river, 
lere  the  Jura-Trias  has  been  affirmed  to  exist  both  by  Le  Conte  and 
uia.  The  explorations  of  this  summer  verify  the  statements  of  these 
it  authors,  which  were  probably  made  on  the  authority  of  Dr.  George 
Shumard's  descriptions  of  the  gypsiferons  deposits  of  the  Bed  Biver 
Marcy's  Beport  of  the  Exploring  Expedition  of  the  year  1852,  the 
tension  of  those  deposits  north  of  the  Canadian  being  known  and 
ferred  to  as  reaching  to  the  Arkansas.  By  reference  to  the  map  it 
U  be  seen  that  the  Jura-Trias  covers  a  large,  irregular  triangular  area 
tiending  over  several  counties. 

The  routes  actually  traveled  in  this  investigation  lie  mostly  within 
I  ^reat  bend  of  the  Arkansas  Biver,  i.  e.,  south  and  west  of  it  Some 
bminatious  of  outliers  of  the  Tertiary  formations  and  of  the  loess 
-e  made  on  the  east  of  the  river  near  Wichita.  In  this  neighbor- 
ed the  Tertiary  deposits  hereinafter  called  the  Tertiary  marl  and  the 
tiary  grit  were  found  over  a  limited  area  resting  on  rocks  appar- 
ly  of  Permian  age.  Some  exploration  was  also  made  from  Winfleld, 
3re  the  so-called  magnesran, limestone  is  extensively  quarried  for 
Iding  purposes,  along  the  line  of  the  Southern  Kansas  Bailway  west- 
rd  to  the  river.  Grossing  the  river,  the  line  of  railway  was  followed 
ough  the  counties  of  Sumner  and  Harper,  with  some  divergence 
th  and  south  at  the  county  seats,  Wellington,  and  Harper.  From 
uica,  then  the  terminus  of  the  railway,  the  route  taken  was  circu't- 
\  to  Medicine  •  Lodge,  where  bad  weather  occasioned  some  delay, 
lugh  a  portion  of  the  time  was  utilized  in  short  journeys  to  the 
rthern  part  of  Barber  County  and  southwest  to  the  Gypsum  Hills, 
1  southeast  to  the  so-called  Cedar  Mountains.  Besumiug  the  for- 
.rd  route,  the  western  part  of  Barber  County  was  passed  through, 
d  northern  Comanche  (since  organized  as  Kiowa  County),  Edwards 
d  Ford  Counties,  to  Dodge  City.  The  investigations  thence  were 
rth  of  the  river  to  the  Colorado  line,  the  last  thirty  miles,  however, 
nug  a  mere  glance  at  the  geology,  as  immediate  return  from  this 
int  became  a  necessity.  It  will  be  seen  from  the  map  that  the  Cre- 
seous  formations  appear  in  this  region  as  a  fringe  of  bluffs,  the  higher 
ound  behind  being  of  Tertiary  age.  The  river  was  crossed  at  Lakin 
d  passing  through  the  sand  hills  which  bound  the  south  side  of  the 
""er  valley  we  crossed  the  high  prairie  to  the  North  Fork  of  the  Cim- 
ron.  Passing  down  the  stream  for  some  miles  we  crossed  the  divide 
the  South  Fork,  or  main  river,  down  which  the  route  led  for  about 
enty-ftve  miles  to  the  new  town  of  Fargo  Springs,  in  Seward  County, 
all  this  region  south  of  the  river  the  Tertiary  deposits  and  sand  hills 
mposed  the  entire  geological  phenomena.  Proceeding  eastward,  out- 
Bull.  67- 
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crops  of  Cretaceous  formations  were  found  when  the  middle  of  Meade 
County  was  reached.  The  return  journey  through  Clarke  County 
touched  the  former  route  at  Coldwater^  in  Comanche  County,  and  came 
back  by  a  more  southerly  route  to  Medicine  Lodge,  whence  the  journey 
to  Wichita  was  made  more  rapidly  through  Kingman  and  Sedgwick 
Counties  by  stage  and  railway. 

The  basis  for  the  accomi>anying  map  is  the  United  States  Land  OfBoe 
map  of  Kansas.  For  the  topography,  as  shown  in  the  sections,  eleva- 
tions furnished  by  the  engineers  of  the  Atchison,  Topeka  and  Santa 
F6j  and  the  Southern  Kansas  Railways  have  been  used.  Some  obser- 
vations with  the  aneroid  barometer,  where  return  to  a  starting  point 
was  possible,  as  in  Barber  County,  have  given  i*esults  which  may  be  re- 
garded as  approximately  correct.  For  the  other  districts  away  from 
the  railways  estimates  only  were  possible,  but  these  were  made  with 
as  much  accuracy  as  the  nature  of  the  circumstances  permitted. 

The  geology  of  the  northeast  parts  of  the  region',  as  shown  in  the  map, 
is  taken  from  maps  of  the  Kansas  State  Board  of  Agriculture,  prepared 
by  Prof.  B.  F.  Mudge  and  Prof.  O.  H.  St.  John ;  but  my  own  explora- 
tions and  observations  partially  confirm  them.  The  extreme  southwest 
and  parts  north  of  the  Arkansas  Eiver  in  the  west,  marked  Tertiary, 
are  so  indicated  for  the  first  time,  as  a  legitimate  inference  fh>m  the 
observations  and  inquiries  made  during  the  reconnaissanoe. 

The  region  of  the  exploration  as  shown  on  the  map  is  included  be- 
tween the  ninety-seventh  and  one  hundred  and  second  meridians,  and 
covers  little  more  than  a  degree  of  latitude,  its  southern  limit  being 
the  southern  boundary  of  tlio  State,  37^  N.,  and  extending  in  the  Ar- 
kansas Yalley  north  of  the  thirty-eighth  parallel. 

THE  GEOLOGIC  FORMATIONS. 

The  first  investigations  of  the  reconnaissance  were  made  in  forma- 
tions of  Tertiary  and  Quaternary  age,  but  the  general  development  of 
strata  on  the  journey  westward  being  in  the  ascending  geologic  order, 
it  is  deemed  best  to  discuss  their  development  in  that  order.  In  their 
natural  relations  the  formations  examined  are —  • 

f  The  Alluvium. 
The  Later  Gravel. 

1.  Quaternary \  The  Loess. 

The  Earlier  Gravel. 
The  Gumbo. 

2.  Tertiary {  ^^'^  T^^^^^^^>'  ^^^''^• 

(  The  Tertiary  Grit. 

[  The  Niobrara  formation. 

3.  Cretaceous J  The  Fort  Benton  formation, 

I  The  Dakota  formation, 

4.  Jura-Trias. 

5.  Carboniferous. 
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CABBONIFEEDUa. 

The  Carbonifeioas  strata  (sometimes  denomioated  Permian  or  Permo- 
Cwbooiferoaa)  were  observed  only  as  a  startiug  poiuD.  Near  Wichita 
tbey  were  found  dipping  westward  towards  the  river  at  aa  angle  of 
aboat  160.  The  following  section  shows  this  dip  with  the  touas  resting 
<Hi  the  eroded  sorface. 


Northeaat  of  Wichita  a  ravine  and  a  cuttiog  in  the  line  of  radway 
show  CarboDiferons  shales  and  limestone  covered  by  Tertiary  forma- 
tions, which  la  the  only  case  of  the  kind  yet  reconled  in  thia  State. 
Hear  Winfield  the  CarbODiferous  limestones  make  valuable  building 
stone,  being  in  the  massive  ledges  dne  graiued  and  entirely  free  from 
fossils.  Thinner  and  more  friable  strata  as  Well  as  shales,  however, 
yield  cbaracteriatic  remains  which,  though  rarely  perfect,  indicate  the 
Carboniferoaa  age  of  the  formation.  These  are  Chonetea,  Athyria,  Hem- 
ipronitet,  Pecten  and  Froduetus.  On  the  ridge  between  the  Walnut  and 
the  Arkansas  the  Carboniferoas  is  mostly  covered  np  by  loess,  and  iu 
the  valley  the  allavial  sands  are  extensively  deposited.  From  near 
WellingtoQ  westward,  formations  are  extensively  shown  in  thin  ledges 
of  limestone  and  thick  shales  which,  while  having  some  Permian  (Car- 
boniferoas) resemblances,  have  also  a  different  general  appearance  and 
a  notable  absence  of  fossils,  giving  them  closer  affinities  with  higher 
rock  groups,  as  will  appear  further  on. 

The  Carboniferous  shale  has  been  penetrated  by  well-borings  to  a 
depth  of  180  feet.  It  ia  interbedded  at  intervals  of  from  three  to  ten  feet 
with  hard  ledgea  from  two  to  six  inches  thick.  It  contains  sulphate  of 
lime,  and  the  water  from  it  is  strongly  impregnated.  One  of  the  hard 
ledges  is  of  ft  peculiar  shaly  structure.  It  outcrops  in  ravines  over  an 
area  of  several  miles.  The  slabs  of  it  have  a  notable  resemblance  to  a 
pan  of  biscuits  ftesh  from  the  oven,  only  its  surface  is  more  regular  in 
the  smoothness  of  its  domes.  If  a  single  dome  be  examined  it  is  found 
hollow  beneath.  Both  its  sarfaces  are  smooth,  and  it  is  thickest  at  the 
top  of  the  dome.  It  will  also  separate  into  several  thin  concentric 
domes  as  would  the  layers  of  half  an  onion.  Single  layers  of  these 
liftve  locally  been  taken  for  fossil  shells.    That  this  was  a  shore  forma- 
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tion  seeoiB  certaiD.     Was  the  mud  tbus  shaped  by  escaping  gases 
modified  by  the  action  of  the  waves  T 
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The  heaviest  Oarbouifurous  shale  is  dark  colurod— the  so-called 
"shite  "  of  coal  miuwt.  Further  west  we  find  bunds  of  butf  and  greenish 
clay-shales,  and  one,  over  a  foot  thick,  of  rich  maroon  color.  On  tbe 
west  line  of  Sumner  County  tbe  Carboniferoaa,  or,  as  we  shall  see  rea- 
son hereafter  to  call  it,  tbe  Saliferous  series  disapi>ears  nnder  the  exten- 
sive snnds  of  the  Gbikaakia,  whose  broad  valley  is  a  mere  depression  in 
the  high  prairie.  This  concealment  by  alluvial  deposits  is  very  esten- 
Bive  both  south  and  north,  so  that  tbe  indication  in  the  map  of  tb» 
vestern  border  of  tbe  Carboniferous  developineut  must  be  taken  as 
only  approximately  correct. 

Only  incidental  attention  was  given  to  tbe  Carboniferous  deimsits,     I 

and  no  effort  was  made  to  ascertaio  their  systematic  relations.    Tbef    i 

Are  indeed  only  denominated  Carboniferous  by  me  in  acoordanoe  with 

general  nsage,  | 

JCTlA-THIAS, 

Ad  extensive  region,  triangolar  in  shape,  whose  northern  apex  is  nev 
the  Dorthero  part  of  the  Great  Bend  of  the  Arkansas  River  and  whose 
base  iu  Kansas  runs  on  the  southern  boundary  of  the  State  from  Uw 
ninety -eighth  to  beyond  the  one  hundredth  meridian,  would  be  called  b; 
superficial  observers  the  region  of  red  rock.  Tbe  area  of  tbe  formatiiHi 
expands  across  the  Indian  Territory  to  the  Bed  Biver  and  Texas. 

This  red  rock,  being  overlain  on  some  of  its  borders  by  dark  bron 
and  reddish  fermgiuous  sandstones  of  tbe  Dakota  period,  has  been  b; 
many  regarded  aa  of  Cretaceous  age.  It  will  be  apparent,  however,  oa 
a  cousideration  of  the  facts  which  have  been  observed  by  me,  that  thooe 
geologists  -who  have  attributed  the  red  rook  to  an  earlier  portioQ  of  tbe 
Mesozoic  era  are  correct.  In  places  these  red  rook  strata  present  Ap- 
pearances which  are  similar  to  those  which  elsewhere  have  beeo  ctUled 
Permian.  But  though  the  relation  of  these  tothe  uppermost  Oarbonif- 
erous  (Saliferous)  of  their  eastern  border  was  not  made  out  in  the  flnt 
reconnaissance,  yet  the  stratigraphic  differeuces  of  the  beds  tbemselvei, 
as  compared  with  deposits  east  of  the  Arkansas  Biver,  are  on  the  whde 
so  marked,  that  it  is  not  possible  for  the  writer  to  consider  them  as  of 
Paleozoic  age.  On  the  other  band,  in  three  places,  at  cousiderable  di» 
tances  from  each  other,  strata  of  Dakota  age  were  observed  restiDg  witk 
erosive  unconformity  on  tbe  red.  rock  series,  which  is  the  case  with  no- 
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lonbted  Permian  strata  in  nortberh  Kansas.  The  striking  character- 
istics of  the  stratification  of  this  formation,  described  later,  appear  to 
pve  suffioient  reason,  until  paleontoiogical  considerations  set  it  aside,  for 
naming  this  formation  the  Jwra-Trias^  or  it  may  be  better  to  say  only 
Trias.  If  a  descriptive  name  were  wanted  we  should  call  it  the  Bed  Roek 
Formation.  The  whole  country  is  red.  The  soil,  even  where  it  contains 
much  carbonaceous  matter,  is  ruddy,  the  sedentary  soil,  just  forming  on 
the  steeper  slopes  is  ruddier,  flooded  rivers  glance  in  the  sunlight  like 
streams  of  blood,  steep  bluffs  and  the  sides  of  narrow  canons  pain  the 
eye  with  their  sanguine  glare. 

Some  buildings  in  the  town  of  Harper  are  built  of  a  brownish  red- 
stone,  which  is  obtained  from  quarries  south  and  southeast  of  the  city. 
Here  and  elsewhere  the  harder  ledges  are  from  two  to  eighteen  inches 
thick,  and  they  are.  intercalated  with  arenaceous  clays  and  clay  shales 
and  clays  of  richer  color.  The  hard  ledges  are  persistent  for  long 
distances  and  give  a  definite  contour  to'  weathered  bluffs  and  ridges. 
The  days  are  frequently  of  such  toughness  as  to  resist  the  weathering 
agencies  as  well  as  the  harder  ledges,  which  are  sufficiently  laminated 
and  jointed  to  prevent  their  overhanging.  Hence  there  are  red  walls 
by  the  streams,  which  are  absolutely  perpendicular.  A  specimen  of  one 
of  the  harder  laminated  layers  from  eastern  Barber  County,  and  a  speci- 
men of  sedentary  soil  formed  from  that  and  adjacent  ledges  have  been 
submitted  to  O.  H.  Failyer,  professor  of  chemistry  at  the  Kansas  State 
Agricultural  College,  who  says :  ^'  Both  are  strongly  ferruginous,  both 
rich  in  calciam  carbonate.  The  stone  is  an  impure  limestone,  contain- 
ing ferric  oxide,  clay  and  sand.  Of  course  the  soil  contains  the  two  latter 
in  excess."  The  ledges  hard  enough  to  supply  building  stone  are  com- 
paratively rare.  The  thinner  laminae  very  frequently  exhibit  ripple- 
marks,  raindrops  and  other  signs  of  a  littoral  foirmatiou.  Not  unfre- 
qaently  the  upper  surface  of  a  lamina  is  brightly  glazed,  and  at  the  foot 
of  the  bluff  out  of  which  a  glazed  specimen  is  taken  may  be  found  oc- 
casionally an  illustration  of  the  method  of  its  formation  in  the  glazed 
sarface  of  dry  red  mud  recently  deposited  from  the  overflow  of  a  little 
stream  washing  the  material  both  of  the  deposit  and  the  glaze  from  the 
cliffs  where  it  has  so  long  been  solidified. 

The  whole  country  increases  in  elevation  westward  and  northward.^ 
There  is  an  undulation  of  the  dip  which  is  not  often  perceptible,  with 
an  average  inclination  westward  of  very  small  amount,  while  in  some 
parts  of  the  western  half  of  the  area  there  are  local  depressions  south- 
ward as  well  as  eastward.  The  elevation  of  the  country  combined  with 
the  average  dip  gives  increasing  thickness  to  the  Jura-Trias  as  we  pro- 
ceed westward. 

^ThiB  is  well  iUastrated  by  the  fivct,  given  by  tbe  oDgineors  of  tbe  Southorn  Kan- 
sat  E«ilway»  that  Medicine  Lodge,  in  tbe  deep  trougb  of  the  Medicine  River,  is  fifty 
feet  higher  than  Harper,  which  is  situated  on  tbe  high  prairie.  Tbe  descent  south- 
erly from  Medicine  Lodge  to  New  Kiowa  is  150  feet. 
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It  will  be  seen  from  the  map  that  the  Medicine  Biverat  Medioiiie 
Lodge  tarns  suddenly  southward.  The  reach  of  the  river  above  that 
place  gives  a  section  from  the  Cretaceous  formations  above  fiir  down 
into  the  red  rock.  The  lower  reach  of  the  river,  to  the  State  line  and 
beyondy  exhibits  a  section  across  the  red  rock.  The  eastern  side  ib 
flanked  by  the  Cedar 'Mountains  or  Hills,  whose  sides  are  scored  by 
canons  not  deep  but  narrow,  with  sides  perpendicular,  and  with  ridges 
and  amphitheatres  carved  and  pinnacled  like  oriental  temples.  West 
and  south  of  the  river  are  the  Gypsum  Hills. 

The  Gypsum  Hills  form  the  striking  feature  of  the  red  rock  ooontiy. 
Throughout  the  entire  region  the  laminated  arenaceous  ferraginoos 
limestone  has  in  it  globose  spots  of  greenish  white.  This  is  apparently 
a  fine  sand.  The  spots,  in  many  places  regularly  distributed  and  like 
small  peas  in  size,  sometimes  aggregate  into  streaks.  Occasionally  the 
streak  becomes  a  layer.  One  of  these  layers  south  and  west  of  the 
Medicine  Biver  becomes  x>ersistent  over  a  considerable  area.  The  ero- 
sion of  the  valley  has  left  this  layer  nearly  at  the  top  of  the  area  in 
which  it  appears,  which  shows  as  an  irregular  plateau  sloping  east  and 
north  to  the  river.  The  layer  is,  in  its  outcrop,  bleached  and  in  places 
has  the  consistency  of  stone.  We  therefore  call  this  the  White  Sand- 
stone Plateau.  This  plateau  is  cut  by  deep  canons  and  its  spurs  occa- 
sionally terminate  at  the  river  as  perpendicular  red  walls  from  twenty 
to  thirty  feet  high.  The  upper  reach  of  the  river  valley  narrows  west- 
erly and  the  plateau  narrows  with  it  The  lower  valley  broadens  south- 
erly and  the  phiteau  increases  with  it.  In  neither  direction  is  the  pla- 
teau very  wide.  In  the  lower  valley  the  western  boundary  of  the  White 
Sandstone  Plateau  is  a  solid  wall  of  red  rock,  rising  above  it  nearly  two 
hundred  feet,  surmounted  by  a  great  white  coping  of  gypsum  from 
twelve  to  lifteen  feet  thick.  The  wall  runs  southward  for  several  miles 
with  some  openinj^s  and  terminates  abruptly  by  a  turn  directly  west 
Northward  its  termination  is  a  bold  promontory,  and  the  neck,  with 
gypsum  absent  from  it  in  places,  is  only  wide  enough  on  the  top  for  one 
person  to  walk.  From  this  point  the  wall  retreats,  forming  a  huge 
amphitheatre  with  isolated  buttes  and  towers  and  caps,  and  all  up  the 
western  valley  towers,  pinnacles  and  buttresses  are  repeated,  advancing 
towards  or  retreating  from  the  river.  Approached  nearer,  the  lights 
and  shadows  on  the  gypsum  have  the  appearance  of  quaint  gables  and 
mansard  roofs.  Where  the  gypsum  has  disappeared  single  peaks  are 
capped  by  projecting  layers  of  the  red  rock.  The  butte  I  have  called 
"Mansard"  is  within  the  amphitheatre  on  its  western  side.  Some  of 
these  features  are  shown  in  Figures  3  and  4. 

In  ascending  to  the  gypsum,  we  find  that  the  red  rock  gives  way 
frequently  to  seams  of  selenito  and  laminated  lasers  of  greenish  sand- 
stone. Again  are  found  harder  layers  of  the  red  rock,  and  anon  seams 
of  nearly  transparent  satin  spar  (fibrous  gypsum),  one  of  which  is  per- 
sistent for  a  great  distance  and  two  inches  thick.    These  are  in  strata 
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or  shale.  Both  the  sandBtone  and  satin  spar  layers  are  ripple 
.  The  top  reached,  we  And  all  ttieae  pinuacles  and  battes  are 
remaios  of  another  plateau  whose  fioor  was  tbis  solid  gypHam, 
itretches  away  to  the  soath  and  west,  broken  by  broad  valleys 
'foaod  ci^ons,  reappearing  beyond  tlie  Cimarron,  on  the  Cana- 
d  Red  Bivers,  and  on  tbe  edges  of  tlie  Llano  Estacado.  Views 
sy's  Report  of  the  Bed  Biver  Expedition  in  1852  woald  serve  to 
te  tbis  region  of  soutliem  Kansas.  Over  tbe  gypsnm  westwuxl 
omenta  of  a  bard  gray  limestone  stratum,  and  again  red  rock, 
psnm  has  caves  and  underground  channels,  in  which  the  sound 
and  reverberates  when  horse  or  vehicle  passes  over. 


g; 

TTa^ 

^5^S» 

^ 

->l^ 

^ 

K^  . 

y 

BT  Tiew  reprcHn 


Fro.  t.— Bed  Bock  battea,  Gypanm  Bill*. 
■  tbs  nortbeuern  jiramootor;  artbeGypaam  Hllla. 


,  theiTpmm  o^. 


ler  gypsum  nor  any  of  the  red  rocks  or  shales  or  clays  have 
}  yielded  any  fossils.  The  constant  evidence  of  littoral  forma- 
owever,  suggests  tbe  expectation  that  sometime  reptiliau  or 
racks  may  be  found  in  this  formation  that  will  serve  to  synchro- 
with  undoubted  Mesozoic  formations. 

s  in  tbe  valley  of  the  Medicine  are  somewhat  impregnated  with 
-jO  of  lime.  Some  waters  are  also  saline.  Unt  neither  from  the 
my  of  well  sinkers  nor  from  personal  observation  does  it  appear 
lere  is  any  seam  of  gypsum,  satin  spar  or  selenite  below  the 
I  of  the  White  Sandstone  Plateau,  except  a  little  selenite  in  some 
iQ  the  town  site  of  Medicine  Lodge.  Nor  does  it  appear  that 
)  any  ench  seam  above  the  horizon  of  the  massive  gyi^aam.    It 
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nl<l  therefore  :i|)i>i>nr  tlint  there  are  three  well-ilelineil  partRoftiie 
n-TrlHM  in  ItarlKT  Ooanty  which  may  be  possibly  recognized  else- 


where. Only  the  lower  one  appears  in  Harper  Connty.  Thethickw** 
13  given  with  liesitntion.  It  may,  however,  be  an  approximation  to  Uia 
trath. 
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Feet. 

^.  Upper  led  rook,  above  the  gypsum  plateau 100 

B.  Gypsum  series,  inolndlng  the  selenite  seams  and  the  massive  gypsum 200 

'3.  Lower  red  rock,  from  the  White  Sandstone  Plateau  downward  (mostly  with- 
out selenite  seams) 260 

Total  thickness 550 

Several  of  the  features  described  above  suggest  that  the  formation 
represents  the  JoraTrias.    These  may  be  summarized  as  follows : 

(a)  The  formation  is  lithologically  quite  distinct  from  the  subjacent 
Carboniferous  strata. 

(fr)  The  prevailing  color  of  the  formation  is  dark  red,  brown,  and  some, 
times  lighter  red,  like  the  Triassic  generally  in  Europe  and  America. 

(c)  The  lithified  layers  alternate  with  beds  of  clay  and  clay  shale,  as 
lo  the  stony  layers  in  the  Triassic  of  the  Atlantic  slope  and  in  much 
)f  the  Jura*Trias  of  the  West. 

(d)  A  massive  layer  of  gypsum  and  numerous  seams  of  selenite  and 
latin  spar  appear  in  the  formation,  in  which  respects  it  corresponds 
v^ith  deposits  farther  southwest,  which  have  been  referred  to  the  Juras- 
io  or  Triassic  on  both  petrographic  and  paleoutologic  grounds.  ' 

{e)  There  are  frequent  shore-marks,  ripple-marks  and  rain-drops,  in 
v^hich  the  formation  simulates  the  Triassic  of  the  Atlantic  slope  and 
nany  other  regions. 

{X)  There  is  a  marked  absence  of  fossils^  a  characteristic  of  the 
Triassic  generally. 

(g)  The  formation  is  continuous  to  Bed  Eiver  and  appears  to  be  strat- 
^aphically  connected  with  similar  rocks  beyond,  which  have  already 
^een  referred  to  the  Jurassic  or  Triassic  on  various  grounds. 

{h)  The  surface  of  the  formation  was  deeply  eroded  before  the  de- 
[>osits  of  the  Dakota  or  other  Cretaceous  formations  were  laid  down. 

In  brief,  the  lithologic  characters,  in  so  far  as  they  may  be  regarded 
as  criteria  in  the  correlation  of  formations,  and  the  stratigraphy  alike 
sag^gest  that  the  red  rocks  of  southern  Kansas  represent  the  group  of 
strata  elsewhere  found  between  the  base  of  the  Cretaceous  and  the  sum- 
mit of  the  C^boniferons ;  and  although  the  evidence  is  not  sufficient 
finally  to  demonstrate  the  age  of  the  rocks,  it  is  sufficient  to  warrant 
the  provisional  application  to  them  of  the  name  Triassic. 

In  1887  the  prospector's  drill,  boring  for  natural  gas  or  coal,  struck 
rock  salt  at  Kingman,  Ellsworth,  Hutchinson,  Lyons  and  Anthony, 
and  in  1888  other  places  to  the  west  of  the  more  southerly  of  these 
made  the  same  discovery.  At  an  earlier  date  a  boring  at  Wellington 
bad  given  a  similar  result,  but  the  thickness  of  only  a  few  feet  had  not 
attracted  the  attention  that  the  reports  of  hundreds  of  feet  from  the 
other  borings  did.  A  great  industry  has  been  rapidly  developed.  At 
all  the  places  named,  and  at  others,  fresh  water  is  put  down  the  wells 
to  the  salt  beds  and  comes  up  the  pumps  ^  saturated  solution,  from 
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which  ahnost  absolately  pare  salt  is  extracted  by  the  osoal  methodB  of 
evaporation. 

The  wells  at  Kingman  and  Anthony  are  in  the  red  rock  (TriaBsie) 
region,  and  the  salt  is  obtained  from  strata  below  the  red  rock.  The 
writer  has  visited  all  the  localities  named,  and  examination  of  thedriD 
records  showed  that  beneath  the  alluvia  of  the  Arkansas  Valley  at 
Hutchinson  and  beneath  Dakota  formations  at  Lyons  and  Ellsworth 
the  drill  pierced  several  hundred  feet  of  red  rock,  and  as  at  Anthony 
and  Kingman  the  salt  was  obtained  below  it.  Early  in  1888 1  foond 
outcrop  of  Triassic  (red  rock)  strata  in  limited  areas  just  south  of  the 
southern  bend  of  the  Smoky  Eiver  in  northern  MoPherson  Coanlgr. 
Borings  east  and  west  of  Ellsworth  showed  the  absence  of  red  rockal 
Salina  and  Bussell.  It  is  thus  apparent  that  the  triangular  formofthe 
Triassic  area,  as  shown  in  its  surface  development  in  southern  Kansas, 
is  prolonged  northward  under  other  deposits,  and  that  Ellsworth  Is 
near  the  apex  of  the  triangle.  The  stnita  with  which  the  salt  beds  are 
associated,  and  which  overlie  them  beneath  the  red  beds,  are  mostly 
gray  shales  with  some  harder  ledges.  In  a  map  and  section  illustrating 
a  paper  on  the  salt  discoveries,  read  at  the  American  Association  for 
.the  Advancement  of  Science  at  Cleveland,  in  1888,  the  writer  has  de- 
nominated these  beds  the  saliferous  horizon.  The  tendency  of  the  evi* 
dence  is  to  the  effect  that  the  strata  of  the  saliferous  horizon  are  contiD- 
uous,  without  break,  from  the  so-called  Permo-Carboniferous  beds  whidi 
outcrop  east  of  the  Arkansas  River.  Further,  these  beds  are  contina- 
ous  upward,  without  break,  into  the  Triassic  red  beds.  Thus  we  have 
a  (•ontinnoiis  series,  absolately.  unbroken,  from  Paleozoic  into  Mesozoic 
time.  Keeent  investi«rations  show  that  the  shales  and  other  exposures 
around  Wellin^^ton  belong  to  the  saliferous  horizon,  and  they,  like  the 
red  beds,  are  absolutely  without  fossils.  The  deepening  of  a  railway 
cut  six  miles  west  of  Wellington  shows  there  the  superposition  of  red 
beds  conformably  on  the  upper  gray  shales,  with  a  copper  bearing 
horizon  in  the  latter.  This  sequence  is  seen  also  atCaldwell.  There- 
suits  of  these  last  observations  would  be  to  bring  the  eastern  boundary  of 
the  Triassic!  red  IxhIs  to  tlie  east  side  of  the  Chikaskia.  A  more  extensive 
examination  of  outcrops  of  the  saliferous  horizon  in  Sumner  County 
also  confirms  the  writer's  opinion,  previously  formed,  that  the  saliferous 
beds,  though  ])robal)ly  continuous  with  the  Permo-Carboniferous  rocks 
l)eh>w,  have  more  atlinities  with  the  red  beds  above,  and  so  justifies  him 
in  associating  them  at  least  provisionally  with  the  Triassic  series  iu  es- 
timating the  total  thickness,  which  in  the  southern  part  of  the  State 
from  Anthony  westward  must  exceed  a  thousand  feet  where  not  consider- 
ably eroded.  The  saliferous  horizon  difl'ers  from  the  red  beds  mainly 
in  color,  but  it  has  what  may  properly  bo  <;alled  a  Mesozoic  lithologic 
facies,  dillicult  to  describe  but  not  ditlicult  to  understand  by  those  wbo 
have  worked  in  both  Paleozoic  and  Mesozoic  strata.  The  absence  of 
fossils  characterizes,  as  we  have  already  seen,  both  the  gray  shales  and 
the  red  bed«.     The  gypsiferous  horizon,  which  is  a  marked  feature  of 
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he  hi^heBt  beds  of  the  Permo-Oarboniferous  period  hi  ffortbera  and 
oQthem  SLansas,  may  perhaps  be  taken  as  a  premonition  of  the  salt 
aeasnros  which  succeed  them  in  southern  Kansas  but  which  are  alto- 
^ther  missing  in  northern  Kansas.  There  the  Dakota  beds  rest  with 
trosive  anconformity  on  the  Upper  Permian.  Salt  deposits  in  the 
3imarroii  Valley,  below  the  State  line  and  the  Meade  County  salt  pool 
>robably  indicate  another  salt  horizon  above  the  Triassic  gypsum. . 

In  this  report  I  have  nsed  the  term  Permian  and  also  Permo-Carbon- 
ferons,  for  the  highest  Paleozoic  beds,  but  do  not  intend  to  commit 
nyself  to  the  final  Use  of  the  terms,  which  I. will  discuss  elsewhere  in 
sonnection  with  other  investigations. 

OBETACEOUS. 

The  formations  referable  to  this  epoch  which  came  nnder  observation 
n  the  reconoaissancey  as  provisionally  identified,  are  in  natural  order: 

(1)  The  Niobrara. 

(2)  The  Fort  Benton. 

(3)  The  Dakota. 

THIS  DAKOTA. 

Pebbles  and  nodules  of  the  dark  ferruginous  sandstones  of  this  for- 
nation  are  found  in  the  gravels  which  overlie  both  the  Trias  and  the 
DarboniferoQS,  and  these  evidences  of  the  existence  of  the  parent  beds 
ncrease  westward,  and  among  the  red-rock  bluffs  north  of  Sharon  a 
(mail  patch  of  the  Dakota  was  found  in  situ,  manifestly  deposited  in  an 
eroded  hollow  of  the  Trias.  South  of  the  town  of  Kingman,  in  the 
M)unty  of  the  same  name,  about  half  an  acre  of  the  ferruginous  saud- 
itone  of  the  Dakota,  that  suggests  volcanic  action  to  the  farmers  of  the 
Dakota  regions,  is  similarily  situate  in  a  hollow  of  the  red  rock.  Near 
:he  Barber  and  Comanche  County  line  the  same  unconformity  was  ob- 
lerved,  the  Dakota  being  mostly  composed  of  yellow,  greenish,  white 
ind  red  sandstones.  It  also  contains  lignite,  the  reports  of  which 
nrarrant  the  belief  that  its  beds  are  somewhat  persistent.  The  bril- 
iant  coloring  of  these  sandstones  and  their  weathering  into  vertical 
sliffis  and  isolated  <* pulpit  rocks"  reader  the  district  one  of  remark- 
%h\e  variety  both  in  color  and  in  form.  One  stratum  of  darker  ferru- 
ginous stain  seemed  identical  with  the  nodule  yielding  Dakota  north 
3f  the  Arkansas  River,  but  we  found  no  locality  yielding  the  fossil 
leaves.  The  accompanying  section  (not  drawn  to  scale)  approximately 
represents  the  appearance  in 'bluffs  about  six  miles  southwest  from  Sun 
City,  and  exhibits  the  changing  conditions  under  which  the  lignite  was 
fonnd  deposited.  (See  Fig.  5).  The  lignite  itself  is  largely  mixed  with 
sand  and  has  in  it  much  pyrites. 

TUE  FORT   BENTON. 

With  reserve  we  are  inclined  to  place  the  stratum  called  the  "  shell 
bed''  in  Fig.  6  in  the  Fort  Bentou  group.  A  conspicuous  feature  of  the 
lower  part  of  the  Fort  Benton  in  morthern  Kansas  is  au  exten&vv^  b^v\ 
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of  Inoceramus  Bliells.  It  is  IVom  eightevn  to  tweiity-fonr  inclien  itiick, 
ifl  it  wliite  lime»toDi>,  and  cau  be  traced  just  above  Dakota  saudstouul 
Liindrcd  miles.  Tbu  dbell  bed  of  tbe  diagram  is  of  similar  tbickiHttti 
not  HO  wbitc,  but  hIho  very  extensive,  Ita  sbi^lls,  bowurur,  are  not 
Inoceramm  i>sce|>t  to  a  very  limited  extent.  Tbey  are  almoHt  entiidj 
Orypluva,  mostly  ol'  the  extremely  variable  form  O,  pitckeri,  with  an  ofr 
cat^iomil  Exogyra.  Wo  found  a  Hmall  [latub  of  fbo  bed  in  tbe  IiillH  iiortli 
of  t^barou,  as  well  as  fartbiT  ttoutb  beyood  the  Hiirber  wud  Oomuudie 


lie;  /.  lifiBiWi  g,  nrtfr 


line,  nnd  opecimeus  of  the  shells  were  given  to  ue  from  localitieB  dw 
tbe  northwest  coruer  of  Barber  County  and  tbe  neigbboring  part  of 
Edwards.  Tbe  bed  at  the  three  localities  where  we  observed  itwu 
composed  almost  entirely  of  small  sbclln  in  a  matrix  of  a  limy  cod- 
glomerate,  tbe  pebbles  being  very  few,  the  tthells  making  up  three- 
fourths  of  tlie  mass.  We  found  tbem  in  all  stages  of  preser.vatioD  io 
the  stream  channels  more  than  thirty  mites  from  any  development  of 
■  tbo  bed.  We  afterwards  saw  Btnita  oq  Kiowa  Cre«k  (see  Fig.  U) 
and  on  Spring  Creek  in  Meade  County  (Fig.  C)  which  we  refer  aleow 


tbe  Fort  Benton.    Again,  on  the  north  of  the  Arkansas  River,  near  the 
head  of  Saw  Log  Creek,  tbere  are  shales  and  limestone  (see  Figs.  13 
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id  13),  whose  toBailB-^Inoeeramus^  Nautilus  and  Belemnites — seem  cer- 
inly  to  proclaim  their  Benton  age.  The  line  of  contact  between  the 
ytt  Benton  and  the  Niobrara  in  northern  Kansas  has  not  been  worked 
tt,  and  in  the  region  of  this  reconnaissance  it  is  scarcely  possible  to 
^  it  at  all,  as  the  surface  d^>osits  cover  the  Oretaceous  formations  so 
:ten8ively. 

In  connection  with  the  statement  that  the  shell  beds  (Chryphcea)  of 
>rthwestern  Barber  Ooonty  and  neighboring  districts  were  with  re- 
irve  attributed  to  the  Benton  epoch^  it  is  interesting  to  know  that  in 
te  same  season  in  which  the  reconnaissance  was  made  Prof.  O.  H.  St. 
>hn  made  a  hasty  trip  through  this  region  and  made  some  paleonto- 
gic  collections  of  value.  Besides  reading  so  much  ot  Professor  St. 
)hn's  resalts  as  were  published  in  the  Fifth  Biennial  Report  of  the 
tate  Board  of  Agriculture,  I  have  had  the  advantage  of  personally  com- 
aring  notes  with  him  and  going  over  his  collections.  It  does  not  ap- 
ear  that  Professor  St.  John  examined  the  particular  section  shown  in 
ig.  5,  bat  the  shell  beds  were  seen  by  him  in  several  places,  and  he  says 
I  the  report  just  mentioned  that  they  ^^are  charged  with  fossils,  mostly 
elonging  to  a  species  of  Oryphcea  resembling  O.  pitokerij  an  Exogyra^ 
^riganiOy  Turritella^  etc.  The  latter  also  occnrs  in  the  upper  portion  of 
tie  underlying  shales.  The  association  of  species  and  abundance  of  in- 
ividuals  strongly  recall  occurrences  in  Texas.  The  OryphceOj  however, 
\  noticeably  somewhat  larger,  though  otherwise  very  similar  to  the  G, 
itcheri  prevalent  in  the  latter  region,  offering  in  this  respect  specific  dif- 
3rentiation,  recalling  that  which  to-day  obtains  with  the  common  oyster 
1  passing  northward  along  the  Atlantic  coast."  (Fifth  Bien.  Bept.  Kan- 
as  State  Board  of  Agriculture,  1887,  part  II,  p.  144.)  These  remarks 
elate  to  beds  regarded  by  the  observer  as  lying  above  Dakota  sand- 
tones,  and  recognized  as  different  from  the  Dakota  of  northern  Kansas, 
>nt  not  named  Benton  by  him.  He  also  hesitates  to  use  the  name  Fort 
teuton  for  beds  containing  Inoceramus  observed  at  no  great  distances 
rom  those  described  above,  apparently  on  account  of  the  absence  of  the 
lorthem  Kansas  bed  of  Inoceramus.  He  also  says  that  these  Oryphwa 
»eds  indicate  the  northern  limits  <^  of.  this  peculiar  southern  fauna  of 
he  Oretaceous."  I  would  observe  that  the  specimens  of  Oryphcea  seen 
}j  me  in  situ  were  all  smaller  than  those  collected  by  Prof.  St  John 
bud  by  others  farther  up  the  Medicine  Kiver  than  he  went,  and  are  ex- 
ictly  similar  to  specimens  brought  to  him  from  Texas.  Since  the  time 
»f  this  reconnaissance  Prof.  Bobt.  T.  Hill  has  located  in  Texas  a  lower 
Cretaceous  series,  to  which  has  been  given  the  name  of  the  Comanche 
eries,  and  the  identity  of  the  Barber  County  beds  with  the  Comanche 
eries  has  been  suggested.  If  it  existed  it  would  apply  not  only  to  the 
hell  beds,  but  to  the  sandstones  below  them,  as  they  could  not  be  Da- 
iota  if  higher  beds  were  a  still  lower  Cretaceous.  Before  giving  up 
he  Dakota  age  of  the  sandstones  (one  bed  in  particular)  I  will  have  to 
eexamine  the  region,  for  it  is  certain  the  isolated  patches  at  Sharon 
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and  EiDgman  are  Dakota.  The  saDdstones  in  qaestion  are  oertainlj 
unconformable  with  the  red  rock  series.  It  is  probable  that  the  nd 
rock  series  is  Triassic ;  and  it  may  be  that  the  sandstones  above  are  late 
Jurassic  or  early  Dakota,  and  pass  upward  into  Gretaceoas  shell  beds 
without  break,  and  are  synchronous  with  beds  elsewhere  recognised  ai 
Dakota  or  even  as  Benton.  The  actual  series  of  stratigraphic  bqoom* 
sion  may  possibly  be  worked  out  in  the  defiles  of  this  region  and  tbe 
Indian  Territory,  but  it  will  be  a  work  of  difficulty,  as  Tertiary  and 
Quaternary  deposits  cover  such  large  areas.  If  the  stratigraphy  be 
satisfactorily  determined,  it  is  possible  that  some  paleontologic  eoooln* 
sious  may  have  to  be  revised.  In  the  shell  beds  referred  to  I  obtained 
fossils  that  seemed  without  doubt  to  be  casts  of  Inoeeramu 

Professor  St.  John  found  outcrops  of  Dakota  sandstone  near  the 
Colorado  line,  and  also  of  higher  Cretaceous  between  the  Cimarron  and 
tbe  Arkansas  in  the  western  counties;  and  he  has  since  observed  strata 
iu  northern  Meade  and  southern  Ford  Counties,  which  he  regards  as 
Benton  as  certainly  as  those  on  Saw  Log  Creek  north  of  the  river,  which 
they  greatly  resemble,  though  the  characteristic  shell  bed  of  northern 
Kansas  is  missing.  These  localities,  all  small  in  area,  have  been  in- 
dicated on  the  map  illustrating  the  paper  on  the  salt  discoveries  befoie 
referred  to,  which  was  read  for  me  by  Mr.  W  J  McGree  at  the  meeting 
of  the  American  Association  for  the  Advancement  of  Science  at  Cleve- 
land, August,  1S88.  The  estimate  of  their  altitudes  confirms  the  oon- 
elusions  of  the  foregoing  report  on  the  easterly  dip  of  the  CretaoeooB 
strata  of  western  Kansas. 

In  Meade  (■oiinty  there  are  indications  of  a  sandstone  horizon  below 
the  Benton  which  is  i)r()l)ably  Dakota.  An  artesian  well  in  the  Dakota 
formation  on  the  west  lino  of  Clay  County  in  northern  Kansas,  in  con- 
ueetioii  with  the  easterly  dip  just  mentioned  led,  me  to  suggest  that 
artesian  wells  ini^^ht  also  be  made  in  southwestern  Kansas,  that  would 
yield  water  of  fair  quality  at  small  depths.  This  has  been  verified  on 
Crooked  Creek,  where  numerous  wells  have  a  good  flow  of  soft  water 
from  sandstones  at  depths  of  little  over  one  hundred  feet.  These  are 
nowhere  on  the  liigh  prairie,  but  are  confined  to  the  valley.  They  suf- 
fice for  the  irrigation  of  many  farms.  At  Coolidge,  in  the  Arkansas 
Valley,  close  to  the  Colorable  line,  the  Dakota  sandstones  yield  a  limit- 
less flow  of  water  from  an  artesian  well  less  than  two  hundred  and  fifty 
feet  dcvp.  Like  that  of  other  deep  wells,  this  water  is  considerably 
mineralized. 

TlIK  NIOBKAKA. 

Kocks — shales  and  soft  and  hard  limestones — of  Cretaceous  age  area 
conspicuous  feature  of  the  bluffs  on  the  north  side  of  the  Arkansas 
lliver  from  Hartlaud  west  to  the  Colorado  line.  The  yellow  and  white 
chalk  and  blue  shale  so  characteristic  of  the  Niobrara  in  the  valleys  of 
the  Smoky  Hill,  Solomon  and  Praiiio  Dog  Kivers  are,  however,  not 
there.    The  fossils  obtained  were  imperfect.     Ostrea  congestawBS  plen* 
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a1  in  spots,  and  fragments  of  a  large  Haploscapha  and  Scaphites, 
bether  any  part  of  this  Cretaceous  outcrop  should  be  referred  to  for- 
itions  above  the  Niobrara  I  will  not  undertake  to  say,  as  I  believe 
will  need  mnch  more  stratigraphic  investigation  than  I  was  able 

give  and  some  careful  paleontologic  work  to  determine  the  point. 
eaDwbile  I  assume  provisionally  that  the  exposures  west  of  Hart- 
ad  are  of  Niobrara  age.  The  dip  of  the  Kiobrara  stratii*  in  one  place 
18  found  to  be  northerly^  but  generally  all  the  Cretaceous  rocks  seen 

the  Arkansas  valley  had  an  easterly  dip  nearly  corresponding  with 
e  general  slope  of  the  country. 

In  the  sections  (PI.  II,  Figs.  2  and  3)  the  three  Cretaceous  forma- 
>n8  are  distinguished,  but  on  the  map  they  are  indicated  by  one 
nvention  only.  The  full  showing  of  all  Cretaceous  outcrops  can  be 
Eide  only  by  a  thorough  study  of  the  region. 

THE  POST-CRETACEOUS  EROSION. 

The  main  fact  with  regard  to  the  Cretaceous  formations  brought  out 
this  reconnaissance  is  that  the  Cretaceous  surface  was  greatly  eroded 
fore  the  deposit  of  the  Tertiary  formations  that  follow.  That  this  ero- 
m  was  very  extensive  is  evident.  Its  amount  can  not  be  easily  de- 
rmined,  bat  that  the  result  was  a  contour  not  very  different  from  the 
esent  one  in  its  main  lines  appears  to  be  certain.  There  seems  to  be 
ason  to  suspect  that  the  Laramie  formation  has  some  development 
the  northwesterly  portion  of  Kansas,  and  possibly  also  in  the'ex- 
eme  southwest.  If  this  extended  east,  then  the  erosion  was  during 
e  whole  of  Eocene  time,  or  possibly  longer.  That  the  erosion  was 
lormous  is  shown  even  by  the  facts  observed  in  this  reconnaissance, 
s  full  elucidation  will  require  much  longer  time.  The  presentation  of 
le  facts  observed  in  relation  to  the  erosion  of  the  Cretaceogs  strata 
ill  be  best  made  in  recording  the  observations  on  the  Tertiary  forma- 
ons. 

It  is  further  to  be  observed  that  west  of  Dodge  City  the  Cretaceous 
Ksks  have  almost  no  surface  development  in  the  Arkansas  Valley, 
he  exposures  west  of  Hartland  are  precipitous  bluffs,  mostly  capped 
f  the  Tertiary  formations.  Occasionally  these  bluffs  are  terraciform, 
here  the  floor  of  one  of  the  steps  is  a  Cretaceous  rock.  *  Even  the 
ere  fringe  indicated  on  the  map  is  therefore  an  exaggeration  if  the 
^e  be  taken  into  account. 

TEETIAEY. 

Two  apparently  distinct  formations  of  Tertiary  age  have  been  found 
all  parts  of  the  region  explored.  Occurring  in  isolated  patches  in 
le  eastern  part  of  the  area,  they  are  more  largely  developed  as  we 
x)ceed  westward,  where  they  are  of  such  thickness  and  so  related  to 
le  previous  erosion  as  to  completely  hide  other  formations  from  view, 
deling  sure  of  jbh(3  identity  of  these  formations  with  similar  deposits  in 
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northveatern  KaiiMa^,  I  tim  incliiit-d  to  use  tliu  uonwuclatnre  of  Via- 
fe8eorCo)>e,  andciiUllieatJ  respectively  the  /^upi'orfc(Mioc«De)amltlie 
Eqaut  Beds  (I'Uuceiie}.  Bat  having  regard  to  tUe  extensive  area  over 
wbich  the  beds  are  developed  aud  the  comparative  iufrequeocy  of  fo«- 
Bils  in  the  latter  formation,  1  di'cm  it  best  to  designate  tbein  by  purely 
provisional  names  ami  leave  olhei-s  to  fix  them  tnore  »pecifically  wbuu 
they  have  been  examined  over  the  whole  region  of  the  Great  Plains  and 
their  snbdivisions  made  out.  These  Tertiary  fonnatious  then  we  naau) 
in  ascending  order :  (a)  Tkc  Tertiary  grit ;  (b)  The  Tertiary  marL 

THE  TEKTIARY  6KIT. 

The  term  grit  is  desci-iptive  of  this  formation  everywhere,  yet  it  is  of 
varying  constitution.  In  places  it  encloses  a  fine  powder,  btit  the  )iow- 
der  is  largely  siliceous,  is  useful  as  a  [tolisbing  powdvr,  aud  appears  to 
be  volcanic  in  its  origin — wind-blown  volcanic  glass  from  the  Tertiiirj 
centers  of  eruption  in  the  west.  Elsewhere  the  grit  is  lui  aggregation 
of  sand  and  lime,  which  we  call  its  mortar-Uke  form.  Again  thi>  limv 
exceeds  the  sand  in  quantity,  and  it  is  sufticienily  Hne  to  be  used  for 
inside  plastering.  Then  we  have  the  mortar  form,  eudoaing  abuudaat 
])ebble8,  quartz,  feldspar,  diorite,  greenstone  (hornblende),  and  wore 
rarely  granite  with  other  igneous  rocks.  Then  the  limy  matrix  almost 
disappears,  and  we  have  a  heavy  conglomerate  of  wiiter-woru  pebbleji 
of  the  rocks  above  mentioned,  with  jiisiwr,  quartzite  aud  agate  from 
the  «ize  of  a  nut  to  that  of  a  large  apple.  Sometimes  also  there  is  a 
bone  or  a  piece  of  completely  silioified  wood.  The  mortar-like  form 
often  hardens  into  a  building  stone,  and  its  softer  beds  contain  hard, 
tough  nodules  like  indurated — notsilicifiod — cbalk.  The  couglomenLte 
form  changes  at  times  into  beds  of  a  fair  quality  of  sandstone,  la 
some  places  it  shows  as  a  hardened  bed  of  gravel,  with  well-marked 
cross-bedding.  Tbe  mortar-like  form  is  often  a  fossil  bed,  yielding 
bones  of  mastodon,  Apbelopti  and  turtle.  There  are  iu  many  plauci 
root-bke  concretions  penetrating  the  softer  forms  of  the  grit,  and  when 
thense  softer  forms  are  of  considerable  thickness — they  attain  in  placen 
a  depth  of  fifteen  to  twenty  feet— they  are  characterized  by  harder 
ledges  at  intervals  of  from  two  to  three  feet,  which  give  very  hold 
forms  iu  weathering.  The  conglomerate  is  also  manifested  iu  ahnpl 
breaks  and  rocky  ledges. 

Is'oarly  all  the  foregoing  chai'acteri sties  of  tht>  grit  were  fainiLiar  to 
me  in  northwestern  Kansas,  so  that  there  was  no  dilliculty  in  identify- 
ing it  in  the  region  of  this  reconnaissance;  but  some  of  its  occurrences 
were  80  far  east  that  my  note-book  shows  that  I  hesitated  at  first  to 
recognize  their  identity.  The  increase  of  the  area  covered  by  the  patohea 
westward,  and  traces  of  remains  of  it  in  the  form  of  thio  gravel  on- 
slopes  otherwise  lacking  signs  of  its  presence,  aud  its  persistent  occur 
reuee  as  ledges  a  little  below  tbe  highest  prairie  slopes,  and,  fnrti* 
Btill,  its  oocorreuce  low  in  tbe  river  courses,  indicated  it  aa  one  of  tbt 
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most  extensive  deposits  of  the  westeru  part  of  the  State.  I  was  further 
enabled  to  define  more  particalarly  two  features  of  the  grit -which  had 
been  indefinite  before:  (a)  In  the  Arkansas  valley  the  conglomerate  of 
the  grit  is  mainly  composed  of  pebbles  of  dark  red  feldspar.  This  is 
so  marked  a  feature  that  its  exposures,  covered  with  the  loose  pebbles, 
can  be  recognized  at  long  distances  by  their  ruddy  glow  in  the  sun. 
In  the  valley  of  the  Oimarron  and  in  counties  farther  east  the  con- 
glomerate is  more  often  composed  of  quartz  pebbles  and  pale  feldspar, 
giving  a  whitish  or  grayish  tint  to  the  exposures.  This  will  appear 
farther  in  the  discussion  of  Quaternary  phenomena,  {b)  In  several 
well  marked  instances  I  found  the  mortar  form  and  the  conglomerate 
together,  indicating  that  they  are  not,  as  I  had  supposed,  local  vari- 
ations of  synchronous  deposits.  I  found  the  mortar  form  below  the  con- 
glomerate, the  former  having  in  those  places  its  usual  scant  supply  of 
pebbles.  Bocky  Point,  a  bold  ledge  of  the  conglomerate  five  miles  west 
of  Dodge  City,  gave  this  juxtaposition  of  the  two  forms,  the  mortar  form 
showing  only  on  the  eastern  or  lower  slope  of  the  point  and  disappear- 
ing under  the  conglomerate.  Elsewhere  I  found  the  mortar  form  em- 
bedding not  only  the  pebbles  of  igneous  rock,  but  also  pebbles,  both 
water- worn  and  angular,  of  the  Gretaceous  rocks  of  the  region,  these 
fragments  being  more  or  less  silicified.  «A  small  patch  of  white  sand- 
stone, of  which  there  were  several  near  in  Harper  County  (Sec.  5,  T.  33, 
B.  5  west)  had  similar  relation  to  the  underlying  red  rock  (Jura-Trias). 
The  red  rock,  a  nodular  clay,  shades  upward  into  the  sandstone,  the 
intermediate  part  being  a  conglomerate  of  quartz  pebbles  in  a  pasty 
matrix  of  the  red  rock  material.  The  sandstone  itself  has  some  pebbles 
of  smaller  size,  and  in  the  conglomerate  the  larger  pebbles  are  below 
aud  the  least  amount  of  the  coloring  matter — ^the  pasty  matrix — above. 
The  following  sections  show  the  positions  of  the  sandstone  and  the  red 
rock  at  this  place : 


Fio.  7.— Section  across  a  small  ravine  in  Harper  Gonnty. 
a,  sandatooe;  b,  red  rock  (clay  and  nodnles) ;  c,  alluvium. 


Fio.  8.— Section  down  the  east  side  of  smalt  ravine  in  Harper  County. 
a,  Bandstone;  b,  red  rock  (clay  and  nodules) ;  c,  allnviam. 

The  above  sections  show  another  fact,  viz:  the  erosive  unconformity 

of  this  Tertiary  grit  with  the  formation  beneath.    It  is  manifest  that 

the  grit  was  deposited  in  hollows  of  the  eroded  surface  of  the  Trias- 

^ic.    Further,  the  depr^ssiopg  then  were  where  there  are  depressions 

'BuUt57-       " 
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now.  This  feature  is  sfen  iu  every  exposure  wbiuU  shows  the  rock  on 
which  the  grit  restn.  lu  places  where  the  undcrlyini;  rock  is  not  secu 
it  is  observed  to  follow  the  slope  of  a  side  ravine  toward  the  main 
valley,  so  that  it  is  uiauifest  that  not  only  was  the  erosion  extensire, 
but  it  was  ou  nearly  the  same  lines  as  that  of  to-day.  The  grit  flUed 
up  the  valleys  to  a  considerable  extent  autl  was  laid  over  tbe  to|)  uf 
the  higher  laud  to  a  considerable  height.  Other  illustrations  1  sbuU 
give  when  discussing  the  higher  Tertiary  foriuation.  I  give  one  otlier 
section  (Fig.  9)  which  shows  that  these  formations  were  laid  in  siniiUr 
manner  on  Carbon  ift-rous  (E'eruiian)  deposits.  It  is  not  far  west  of  tbe 
ninety  seventh  meridian,  on  the  east  of  the  Arkansas  Eiver,  in  a  cut- 
tiug  of  the  Friuco  ruad,  three  miles  northeast  of  Wichita.  The  height 
Bhown  is  &om  eight  to  ten  feet,  autl  the  length  thirty  to  forty  rods. 


a,  CMiwniTeitjOB  1 

The  illustrations  of  tbe  post-Cretacions  but  prc-Neocene  erostODOT 
-BO  common,  that  almost  every  ravine  has  evidence  of  it  in  tbe  Crewe- 
OQB  district,  and  it  is  as  nommon  in  tbe  Jura- Trias  region.  Near  tbe 
south  line  of  the  State,  in  the  region  a  little  west  of  the  one  huutlreJtb 
meridiiin  several  sections  lilie  the  following  could  be  seen  at  once  in 
the  banks  ut  sm  ill  streams 


um-Triu. 

Similar  sections  may  also  be  found  in  Barber  County,  both  north  and 
south  of  the  Medicine  River. 

Fossils — fragments  of  turtle  bones,  as  well  as  foot  bones  of  Apheloft 
and  some  horse  teeth — have  been  found  in  parts  of  Barber  County. 
Horse  teeth  and  some  specimens  of  Ostrea  (the  latter  apparently  worn) 
were  obtained  from  an  exposure  on  Kiowa  Creek.  (See  Fig.  11.)  At 
the  same  place  was  obtained  a  fragment  of  a  small  mammalian  Jaw, 
A  neighboring  exposure  also  yields  pretty  specimens  of  Lymnophipa 
caperata.  Ampler  exploration  would  undoubtedly  reveal  fossil  de- 
posits rivaling  those  of  the  bone  beds  of  Phillips  and  Norton  Connties, 
which  yield  remains  of  the  larger  mammalia  by  the  ton.  The  fossils, 
with  tbe  exception  of  an  occasional  petrified  fragment  of  bone  or  wood, 
lare  never  found  in  the  conglomerate.  It  is  in  the  softer  forms  of  tba 
mortar  grit  that  they  abound. 

The  U[>per  surface  of  the  grit  is  uinch  eroded.  Its  deposition  was 
Boceeeded  by  a  long  period  of  subjection  to  sub-a^al  ageofitas  wbiclL 
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vahed  off  a  large  part  of  its  sabstance,  rivers  and  Smaller  streama 
ntttng  it  avay  Dearly  on  the  linea  of  the  old  valleys  and  nearly  down 
0  former  levels.  Then  came  another  period  of  submersion  and  depo- 
itton,  the  material  deposited  makiag  one  of  the  most  extensive  and 
tomogeneoas  formations  of  the  Great  Plains — the  widely  developed 
ater  Tertiary  marl. 

TOE  TERTIART  MiltL. 

Soperfioially  this  marl  is  not  nulike  the  loess  of  the  Missonri  Valley, 
uid  in  jthe  middle  of  northern  Kansas  seems  to  shade  into  it,  alChoagh 
n  soQthern  Kansas  the  loess  is  safflciently  distinct.  The  marl  is  arena- 
:eoiiB,  argillaceons  and  calcareous  in  its  texture.  It  is  not  at  all  like 
the  mortar  form  of  the  Tertiary  grit,  except  in  a  very  few  localities, 
irheie,  owing  to  each  having  a  predominance  of  sand,  there  is  some 
lifficnlty  in  distingnishiug  them.  Its  color  is  very  nniform.  It  is  a 
t>aff  marl  everywhere.  We  saw  no  place  where  it  was  colored  by  the 
red  rock  of  the  Jnra-Trias.  It  is  buff  on  the  yellow  chalk  of  the  north- 
irest,  on  the  Cretaceous  limestones,  on  the  Dakota  sandstones,  on  the 
Jora-Trias,  and  on  the  Carboniferous  strata.  (See  Fig.  9.)  It  contains 
chalky  nodules  irregular  in  shape,  some  root-like,  resembling  those  in 
the  Tertiary  grit.  Its  textare  is  nearly  the  same  everywhere.  Where 
its  bluffs  are  high  its  lateral  exposures  are  wrought  into  rounded  and 
symmetrical  pillar-like  forms,  tapering  to  the  top.  Some  views  of  it 
BQggest  the  manvaises  terres  of  Nebraska. 

In  this  reconnaissance  evidence  was  found  in  two  places  of  a  sabdi- 
vision  of  the  marl  into  two  deposits,  the  lower  one  in  each  case  being 
more  arenaceous  than  the  upper  one.  (See  Fig.  15.)  The  lower  arena- 
cions  stratum  seems  also  to  be  indicated  in  wells  where  it  yields  the 
trater  after  the  marl  has  been  pierced.  But  a  later  visit  to  the  pla«e 
Dgnred  showed  considerable  wearing  in  the  face  of  the  blufi'  and  the 
sbarpLline  no  longer  existed,  bat  only  a  gradual  increase  downward  of 
uenaceous  structure. 

We  find  the  Tertiary  marl  resting  on  eroded  surfaces  of  Permian, 
Jura-Trias,  Cretaceous  and  Tertiary  grit  formations.  It  is  sometimes 
low  down,  buttressing  the  flanks  of  other  formations,  but  its  best  de- 
velopment is  at  the  greatest  elevations.  It  forms  the  dead  level  of 
the  high  prairie  between  the  great  rivers,  thinning  off  towards  their 
vtdleys,  bnt  following  the  slope  of  the  tributary  dales.  This  thicken- 
ing on  the  high  prairie  is  manifest  in  almost  every  county — Barber, 
Pratt,  Bd wards,  Meade,  Ford,  Hamilton,  Seward,  Scott,  Orabam,  Nor- 
ton— from  Indian  Territory  to  the  Nebraska  line.  Wells  pierce  it  in 
most  of  these  counties  over  one  hundred  feet,  and  in  Meade  County 
and  in  Qraham  from  one  hundred  and  forty  to  one  hundred  and  eighty 
feet,  before  the  grit  is  reached.  The  grit  has  a  supply  of  water;  the 
marl  seems  quite  dry  except  in  its  lower  stratum.  Walls  of  dugouts 
ftnd  cisterns  excavated  in  it  may  be  plastered  or  cemented  without  the 
intarentioQ  of  other  material.  The  BuCTaio  grass  ia  &%\ai&\ie;Wn  ^^^ 
bueL    It  reauuBs  on  it  after  wire  grass  and  otheia  'h&ve  XalSJKQ.  v^aKftN^ 
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sion  of  se<Ieiitary  soils  of  the  grit  or  otliLT  formations.  WLere  the  sod 
has  been  hrokeu  by  tlin  jtlow,  it  has  beeu  foand  that  the  mar]  in  a  few 
yeaiB  lieuses  to  be  so  dry.  Jt  can  then  be  brokeu  by  the  epade,  vhera 
before  a  pick  was  noc^bsary. 

The  marl  yields  comi>arativcly  few  fossils.  Remains  of  bison  and 
horse  and  other  mamiuals  have  been  fouud  in  it.  It  remains  to  be 
soeu  whvth<:r  Cope's  designation  of  the  **  Equus  Beds  "  can  be  jastifiiil 
for  so  extensive  a  formation. 


The  greatest  fact  to  whieh  the  Tertiary  marl  b(>ar8  witness  nest  to 
the  one  of  the  immensity  of  its  own  existence  Is  that  of  the  erosion 
immediately  preceding  its  deitosition.  Assuming  the  grit  tu  be  Miocene, 
we  may  allude  to  this  as  the  niid-Neoceue  erosion  to  distinguish  il  from 
the  pre-Neocene  erosion,  which  we  have  alreatly  describt-d.  Tbo  fol- 
lowing diagrams  give  evidence  of  both  periods  of  snbaerial  ugeucieo. 
They  aio  Kimplj  examples  that  might  bu  multiplied  almost  ludofioitety. 
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For  the  sake  of  compatiBon  I  give  the  following  from  a  "Beport  on 
tbe  Qeology  of  Norton  County,"  made  b;  me  in  1884,  to  the  Kansas 
Academy  of  Science.  The  locality  of  the  section  is  in  the  Solomon 
Valley,  south  of  Edmond,  some  distance  east  of  the  one  hundredth 
meridiaD.  The  sections  on  Saw  Log  Creek  are  a  Uttle  west  of  that 
meridian,  bat  over  one  hundred  miles  soath. 


The  following  section'  of  a  bluff  about  II  miles  west  of  Dodge  City 
(hows  in  a  striking  manner  the  mid-Neocene  erosion.  The  railway  is 
>D  a  terrace  cnt  into  the  face  of  the  bluff,  and  from  the  river  np  to  this 
errace  the  Tertiary  grit  is  iu  place,  and  again  it  shows  on  the  top  of  the 
■cxt  step;  bat  the  front  of  that  step  is  formed  of  the  Tertiary  marl, 
vhich  again  api>ears  back  on  the  high  prairie,  thns  showing  an  erosion- 
ontour  of  the  grit  before  deposition  of  the  marl  approximating  to  the 
orm  of  tbe  present  valley.  The  line  s  in  tbe  diagram  shows  the  i>osi- 
ion  of  tbe  line  of  separation  of  the  two  forms  of  the  marl  already 
loted,  the  arenaceous  character  of  the  lower  one  being  very  marked 
See  p.  35,  ante.) 


FlO.  IB.— Twtliry  bl 
[i,T«rtiKr7Di«rii  J.TorliarT  grit:  c.  raiiwaj  ( 
m»orni«Tlt  zs.  gtaTelor  tbDooDglomtnita. 


(,  lino  of  MpuatloD  of  the  two 
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That  the  pre- Neocene  erosiou  cut  the  valley  of  the  Arkaneas  nearly 
to  its  present  form  is  seen  id  the  fact  that  small  side  rnviDes  aud  otbei 
lateral  valleys  show  the  erosion  of  the  Cretaceous  rocks,  with  boUows 
partially  filled  with  the  Tertiary  deposits.  The  following  diagramsrep' 
resent  actual  sections  as  seen  from  the  maiu  valley  a  few  miles  below 
Kendall. 


The  Quaternary  deposits  recognized  in  the  reconnaissance  are  five 
in  number.  In  ascending  order  they  are:  The  Gumbo,  The  Earlier 
Gravel,  The  Loess,  The  Later  Gravel,  aud  the  Alluvium. 


I  take  this  name  from  a  tough,  solid,  dark  colored  clay,  vhich  is  so 
named  in  uortheasteru  Kansas  by  the  farmers,  who  dislike  to  find  it 
near  the  surface.  In  my  explorations  I  found  it  of  a  lavender  color 
where  weathered,  but  under  tbe  surface  of  a  blackish  brown.  It  is 
sticky  and  tough,  but  when  dry  breaks  with  a  cuboidal  fracture  like 
bardpan.  I  found  it  in  tbe  Arkansas  Yalley  forming  the  bottoms  of 
pools,  where  the  surrounding  alluvium  is  almost  pure  sand.  It  occnrs 
apparently  beneath  the  gravel  forming  a  good  road-bed  in  Kingman 
County.  In  Clarke  Couuty  I  saw  a  few  exposures  of  it  in  tbe  faces  of 
blufl's.  Tbe  view  at  Red  Bluff  near  the  line  of  Clarke  and  Comanche 
Counties  shows  its  occurrence  overlying  the  Tertiary  marl,  and  lepre- 
acnts  characteristic  weathering  of  tbe  red  rock. 
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iDtact  of  the  Qumbo  and  tbe  Tertiary  marl  snggests  interme- 
ision  of  the  marl     More  extensive  exploration  of  Qnatfernary 


>n8  vill  be  required  before  such  erosion  can  be  poaitively  af- 
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nmense  deposit  of  gravel  lies  under  and  aroand  tbe  town  of 
too,  in  Sumner  County.  It  lias  been  partially  described  in  tbe 
City  Review  by  J.  P.  West,  and  was  by  faim  referred  to  tbe 


OEOLOGt   OF   SOUTHWESTERN    KANSAS. 


40 

Cbamplain  period.  It  Iia«  yi(;Iile(l  fine  teeth  and  janx  of  Elepha*,  aod 
aiRO  a  fine  skall  aud  horu^  of  Bon  lati/rorui,  which  aru  now  in  the  jVosses- 
sion  of  Mr.  John  H.  Wolfe,  of  Wellington.  Waterworu  fragmentii  ul 
petrified  wood  are  found  in  it,  aud  on  the  line  of  the  railway  to  Ilonnfr 
well,  where  the  gravel  ia  of  finer  material,  it  hiis  yielded  fragments  o(h 
large  Unio  aud  well  preserred  s(>ecimen8  of  Sphariam  KnltvUum.  These 
fossils  perhaps  sufficiently  determine  the  horieou  of  this  deirosit 

The  gravel  is  comiwsed  of  well  worn  pebbles,  uot  ver>'  largo  but  mak- 
ing the  deposit  in  places  notably  coarse.  The  {wbblos  are  mostly  (|uiirU 
and  qnartzite  with  feldspar  and  otlier  igneous  rorks,  and  an  admixtuK 
of  Permian  cherts  and  limestone,  granite  being  rare.  Some  of  tiw 
mounds  are  quarried  and  the  material  in  paiise<l  through  iiieve»  to  oI>- 
tain  bnilding  enod.  Besides  the  branch  road  to  [lonnewell,  the  Somli- 
ern  Kansas  Railway  alao  cuts  the  uravel,  and  the  Atchison,  Top«ka 
and  Santa  Fc  branch  on  the  west  side  of  the  city  gives  a  fine  sectiou  of 
it.  It  is  therefore  possible  to  study  the  deposit  pretty  fully.  It  lit*  in 
eroded  hollows  of  the  saliferouH  strata,  which  can  be  traced  over  parts 
of  the  town  site  by  the  weUs.  Those  which  are  in  the  gravel  give  gooJ 
water;  those  in  shale  are  strongly  impregnated  with  gi^'psuoi.  The  rela- 
tion of  the  gravel  to  the  loess  is  distinctly  shown,  and  is  well  illns- 
trate<l  in  Fig.  19.  Tlie  cross  bedding  in  places  is  remarkable^  evinciuf 
the  presence  of  powerful  and  changing  carrenta. 


Similar  deposits  of  gravel  are  fonnd  occasionally  to  the  west  line  "f 
Barber  County.  Between  Harper  and  Medicine  Lodge  they  occupy 
large  areas.  They  form  the  tops  of  the  high  ]>rairie  at  Attica  and  ea«t 
of  that  place  for  miles.  They  show  depths  of  from  five  to  twenty-flvs 
feet.  The  materials  are  the  same  &fl  at  Wellington,  except  the  local 
material,  which  is  in  the  western  localities  a  reddish  clayey  extract  nf 
the  red  rock  (Trias),  which  gives  a  sort  of  tenacity  to  the  gravel  anil 
colors  it  distinctively.  West  of  Attica  the  mounds  are  at  lower  level*. 
Medicine  Lodge  is  on  a  mound  which  lies  over  a  low  spur  of  the  red  rock 
between  Elm  (Jreek  and  Medicine  River.  The  railway  cutting  shows 
the  contact  of  the  gravel  and  the  rock.  Good  specimens  of  teetb  of 
EUphaa  have  been  taken  from  the  gravel  here  and  at  Attioa ;  fragments 
of  large  bones,  shells,  aud  fragments  of  the  matrix  containing  tbem 
from  the  shell  bed  iu  Fig.  5  are  also  frequent  in  these  gravels.    Hortli- 
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west  and  west  of  Medicine  Lodge  there  are  frequent  moands  of  gravel 
apparently  synchronous  with  those  already  described,  and  northeasterly 
towards  Kingman  they  cover  large  areas.  The  lower  parts  of  the 
moands  are  colored  with  the  red  rock,  but  the  surfaces  of  the  mounds 
are  light  colored,  showing  preponderance  of  quartz  and  buff  feldspar 
pebbles.  In  western  Barber  County,  and  increasing  west  and  north- 
west, there  are  other  mounds  of  gravel  not  synchronous  in  their  forma- 
tion with  those  already  described.  I  have  designated  them  *^the  later 
gravel.''  I  refer  to  them  here  because  in  western  Barber  County  they 
are  distingushable  from  the  gravel  mounds  under  consideration  only  by 
careful  exploration  and  not  always  with  certainty  then.  The  reason  of 
this  will  appear  further  on. 

Difficnkies  in  arriving  at  precise  results  with  regard  to  the  Quater- 
nary gravels  lie  in  the  fact  of  their  immense  area  of  distribution  and 
in  the  large  size  of  single  deposits,  combined  with  their  position  at  the 
tops  of  the  prairie.  Currents  of  considerable  force  were  required  to 
move  the  material.  It  seems  difficult  in  many  cases  to  consider  them 
river  currents;  more  difficult  still  to  consider  them  lake  currents.  A 
littoral  current  in  the  Irish  Sea  is,  however,  depositing  just  such  gravel 
now.    Further  study  is  required. 

The  fragments  of  petrified  wood  in  the  gravel  being  mostly  water- 
worn,  they  appear  to  be  of  greater  age  as  petrifactions  than  the  deposit 
of  the  gravel.  At  least  one  silicified  log  seems,  however,  to  be  of  wood 
of  the  gravel  period.    The  log  is  of  the  color  of  the  red  rock. 

THE  LOESS. 

The  loess  of  the  Missouri  Valley  is  found  as  far  up  the  Kaw  Valley 
as  the  east  line  of  Dickinson  County.  It  extends  up  the  Neosho  to  its 
source,  but  nowhere  in  northern  Kansas  does  it  appear  to  have  passed 
much  if  any  beyond  the  ninety-seventh  meridian.  At  Wichita,  how- 
ever, it  is  strongly  developed,  and  the  water-shed  between  the  Arkan- 
sas and  the  Walnut  is  mostly  crowned  by  a  heavy  dei)Osit  of  it.  (See 
Fig.  1.)  In  the  lower  part  of  the  Neosho  Valley  the  loess  is  frequently 
much  darker  (orange  brown)  than  in  the  Kaw,  taking  its  color  from 
the  iron  of  various  local  dei)Osits.  But  in  the  Arkansas  Valley  it  be- 
comes darker  still,  of  a  rich  maroon.  Farther  west  on  the  Minnesquah 
and  the  Medicine  it  becomes  redder  still.  It  is  stained  through  and 
tbrongh,  like  the  red  rock,  from  which  it  is  derived.  In  these  valleys 
it  attains  its  most  westerly  extension  in  Kansas.  The  comparative 
proximity  of  the  Tertiary  marl  makes  it  easy  to  compare  it  with  the 
loess.  As  compared  with  the  later  gravel,  we  have  noticed  that  at 
Wellington  the  loess  overlies  the  gravel;  I  infer  a  similar  condition  at 
Medicine  Lodge,  but  I  did  not  find  the  loess  in  any  of  the  places  (e.  g., 
Attica),  where  the  gravel  is  at  relatively  high  levels.  The  bluft's  of  loess 
on  the  Medicine  River  show  a  characteristic  that  seems  to  have  been  in- 
herited from  the  red  clays  of  the  Jura-Triaft,  i.  e.,  they  are  more  abrupt 
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in  their  Contour  than  the  Xuw  Uivor  blull'a.  Thu  dry  material  haag  ' 
uuboidal  fracture,  ami  the  bluHk  have  a  more  precipitous  appeuraDce.  * 
I  have  se«u  no  fossils  i»rt;iinly  referable  to  the  loeas  of  this  diatriet, ' 
but  lit  Kiowa  I  wiie  sUowu  the  humerua  of  a  mastodou,  which,  from  1^4- 
Htain  and  from  its  frinbiUty,!  judged  came  from  the  red  bluff  formaciDO, 
At  Mauhattau,  in  the  Kaw  Valley,  the  loess  has  yielded  Elepkas^-^xtOn 


THK   LATER   CRAVEl, 

A  very  cotispicaous  feature  of  the  Arkansas  Valley  from  Dodge  Oily 
to  the  niouutains  is  fonud  in  the  frequent  mounds  of  gravel.  Tbflf 
stand  out  as  rounded  bluffs  from  the  high  lands  that  bound  the  main 
valley.  Our  specific  descrintiou  la  from  the  occurrences  within  the 
state  of  Kansas. 

Approaching  one  of  these  mounds,  we  find  that  very  rarely  does  tbe 
gravel  reacli  the  bottom.  There  is  frequently  a  well  defined  line,  beloff 
wbU^h  but  few  pebbles  are  found,  and  above  which  the  gravel  is  pleo- 
tiful.  Again,  there  are  mounds  where  the  gravel  does  not  reach  the  topi 
The  top  in  such  case  is  formed  of  the  Tertiary  marl.  The  pebbles,  of 
vhich  this  gravel  is  largely  composed,  are  of  igneous  rocks,  hornblende, 
greenstone,  granite  (rare),  quartz,  quartzite,  diorite,  chalcedony  and 
feldspar.  The  feldspar  i»  mostly  dark  red,  and  it  is  so  conspicaoas  lij 
quantity  as  to  give  a  rnddy  tint  to  the  whole  surface  of  the  monnd. 
This  ruddy  tint  can  be  distinguished  at  long  distances  in  tbe  sonllghti 
The  pebbles  vary  from  the  size  of  a  haTid  downwards. 
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I  have  elsewhere  referred  to  the  fact  that' pebbles  of  tiie  same  kind 
are  scattered  over  the  tops  and  at  the  bases  of  bluffs  of  the  Tertiary 
coDglomerate,  and  that  such  blofEs  have  the  same  raddy  tint./  The  fact 
is  that  the  gravel  mounds  are  simply  the  disintegrated  conglomerate 
UoflEs  of  the  Tertiary  grit  The  bluffs  and  mounds  are  the  two  extremes 
of  a  aeries  of  great  interest,  every  intervening  term  being  found  in  the 
Talley.    We  may  state  them  thus : — 

1.  A  beetling,  craggy  rock  of  conglomerate  with  a  few  loose  pebbles. 

2.  A  craggy  ledge  of  conglomerate  with  a  considerable  talus  of  peb- 
bles and  sandy  soil. 

3.  A  flat  ledge  of  conglomerate  just  showing  above  a  sloping  talus  of 
f^vel  and  a  surface  sprinkled  with  pebbles. 

4.  A  rounded  gravel  mound. 

The  inner  side  of  a  mound  (So.  4)  sometimes  shows  its  base  of  con- 
glomerate  not  all  gone  but  connecting  it  with  a  conglomerate  ledge 
further  back* 

The  discovery  of  this  series  shows  that  these  mounds  are  not,  per  sc, 
transported  gravels  like  the  earlier  gravels  already  described.  As 
gravel,  they  are  in  situ  and  were  produced  by  agencies  at  present  in 
operation.  Some  of  the  mounds  are  thinly  sprinkled  with  vegetation. 
Some  have  their  structure  almost  hidden  by  a  vegetable  humus.  There 
must  be  such  mounds  entirely  buried  by  both  alluvial  and  eolian  deposits 
of  sand,  for  traces  of  such  are  revealed  by  recent  floods.  The  formation 
of  such  mounds,  then,  has  l}een  going  on  ever  since  the  Tertiary  con- 
glomerate arose  from  the  waters  in  which  it  was  deposited,  but  the 
mounds  which  are  now  conspicuous  I  regard  as  of  recent  origin,  syn- 
chronous with  deposits  which  are  called  alluvial.  Like  alluvium,  they 
are  forming  now  and  have  been  since  the  last  upheaval  from  lake  or  sea. 
Hence  the  designation  The  Later  Gravel.  Many  mounds  in  Comanche 
and  Barber  Counties  belong  to  this  later  gravel,  and  possibly  some  in 
Xingman.  They  may  be  looked  for  wherever  a  fragment  of  Tertiary 
oonglomerate  is  left  These  more  eastern  mounds  are  of  paler  hue,  like 
the  conglomerate  of  which  they  are  formed.  The  pebbles  of  quartz  are 
more  numerous  and  the  feldspar  is  decidedly  paler. 

THE  ALLUVIUM. 

The  alluviam  of  the  region  covered  by  this  reconnaissance  includes  a 
class  of  deposits  important  because  of  their  extent.  The  valleys  of 
many  of  the  streams  are  broad  and  comparatively  shallow,  giving  large 
areas  of  both  past  and  present  flood  plains. 

A  conspicuous  feature  of  most  of  the  river  and  creek  bottoms  is 
their  arenaceous  character.  The  immense  beds  of  sand  in  the  valleys 
of  the  Chikaskia,  the  Medicine,  the  Cimarron  and  the  Arkansas  are 
merely  larger  examples  of  what  is  shown  in  the  bottoms  of  Elm  Creek, 
Crooked  Greek,  Eiowa  Creek,  and  numberless  others  whose  beds  in  the 
dry  season  swallow  up  their  streams  entirely.    The  sources  of  this  sand 
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are  not  far  to  Reok-  lu  the  Jara-Triaa  region  the  decomposing  red  roclt 
yields  nouie  Hand.  But  the  main  »oiirce  of  nil  \»  the  weariae  away  of 
the  two  Tertiary  formation^!,  both  of  which  are  rich  in  nrenaceous  ma- 
terial. So  abiiiidaiitly  do  iLi-yyield  it  that  the  qutintity  of  Hand  in  tlie 
eaatern  part  of  the  region  may  be  taken  as  evidence  of  their  former 
esintenee  in  localities  where  tUey  are  not  now  observed.  Where  Uioy 
do  osist  the  ravines  below  tlieir  outcrop  are  mere  Band  beds. 

Another  characteriftttc  of  the  arenaceoun  deposits  Is  that  they  ue 
BometiineH  found  in  places  where  they  can  not  strictly  be  called  alln- 
vial.  No  river  ever  ran  there.  They  have  lieen  fonnod  in  situ  from  the 
breaking  up  of  ttie  Tertiary  marl  by  atmospheric  agencies.  Wind,  taio 
and  carbonic  acid  liave  broken  and  leached  out  tlie  calcareous  and  ar- 
gillaceouR  part«  where  the  slope  baa  not  been  suffldont  to  carry  awaj 
tlie  Rand  to  any  great  extent,  and  the  wind  has  helped  to  arranse  the 
material  as  hilU  or  low  dunea  both  before  and  after  the  growth  ef  vejj- 
etation.  I  regard  the  extensive  8aud,v  region  east,  southeAiit,  and 
southwest  of  ('old  water  as  having  been  formed  by  ngencii^s  of  this  kind. 
It  is  an  occaHionnl  feature  of  this  region  tiiat  at  the  base  of  a  bill  It  a 
talus  of  tJie  later  gravel,  and  aometimcn  the  sand  all  blown  away  leiives 
exposed  a  gravel  mound  or  even  a  le<Ige  of  the  Tertiary  grit.  These 
features  are  fonud  in  Barber,  Ford  and  Ilamilton  counties,  and  proliabl; 
to  a  mnch  larger  e.Ktent  than  our  reconnaissance  showed. 

The  sand  dunes  of  the  Arkansas  Valley  merit  distinct  notice.  The 
entire  river  bottom  is  more  or  less  arenaceous,  but  in  places  then  it 
below  a  few  feet  of  sand,  or,  at  the  surface,  when  the  sand  is  blown  or 
washed  away,  a  deposit  of  still'  clay  or  gumlw.  At  Wichita  this  einj 
has  been  pierced  for  wells,  and  sand  is  fOuud  again  at  a  consideraWe 
depth  Iwlow.  Farther  up  the  broad  valley,  a  little  elevated  above  tlie 
level  of  the  stream,  is  simply  a  sand  bed,  carpeted  with  the  grasses  of 
the  region.  From  Cimarron  west  into  Colorado,  on  the  sonth  siUe  of 
the  river  and  in  places  coming  down  to  the  edge  of  the  channel,  is  a 
vast  range  of  sand  hills.  Opposite  Syracuse  they  attain  a  height  of 
fifty  feet,  bare,  glaring  sand  dunes,  changing  with  the  changing  wind. 
Often,  however,  they  are  covered  with  some  vegetation,  and  are  aasntn- 
ing  a  more  stable  character.  The  tops  of  a  large  part  of  the  range  are 
from  one  hundred  andiifty  to  two  hundred  feet  above  the  river,  and  the 
range  attains  a  breadth  of  six  to  eight  miles.  The  sand  brought  don-a 
the  river  from  Colorado  is  large  in  quantity,  and  its  eolian  distribnlioii 
when  the  water  is  low  is  certainly  extensive;  but  we  can  not  regard  the 
sand  hills  referred  to  as  owing  all  their  substance  to  the  sands  trans- 
ported from  the  west.  Their  apparent  height  is  not  their  real  heiglit 
as  sand  hills.  They  are  buttressed  against  the  sides  of  the  valley,  and 
passing  through  them  southward  we  emerge,  without  diminution  (rf al- 
titude, on  the  prairie,  whose  level  is  lorroed  by  the  Tertiary  marl.  On 
the  river  front  of  the  dunes  we  occasionally  find  the  ret!  mounds  of  th« 
lat«r  gravel,  and  pools  within  the  hilts  have  a  Imttom  of  gnmtw.  It 
appears  certain,  then,  that  much  of  the  material  of  the  dunes  i»  ot 
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tnctly  local  origio,  increased  by  the  amount  that  the  ever  flowing 
tream  may  bring  from  the  west.  The  sands  absorb  much  of  the  rain- 
ill,  and  what  should  be  water  courses  are  mere  sand  beds.  Bear  Greek 
1  wet  weatber  is  a  series  of  pools,  but  it  never  reaches  the  river  as  a 
nrface  stream.  Two  of  the  pools  are  what  are  known  as  ^^  sunk  wells;" 
ne  of  them  is  said  to  show  no  bottom  at  two  hundred  and  forty  feet, 
nd  the  other  is  over  one  hundred  and  tifty  feet  in  depth  It  is  certain 
bat  alluvial  deposits  are  very  deep  in  the  Arkansas  Valley.  It  is  pos- 
ible  that  the  depth  of  these  sunk  wells  represents  the  depth  to  which 
ide  ravines  and,  approximately,  the  main  valley  were  excavated  by 
iocene  or  mid-Neocene  erosion. 

The  Arkansas  Valley  has  also  an  argillaceous  alluvium.  This  is 
3und  in  places  as  much  as  50  feet  above  the  present  level  of  the  river. 
It  Hartland  and  below  Cimarron  ledges  of  rock  approach  the  river 
rom  both  sides.  These  are  probably  the  remains  of  barriers  which  ex- 
sted  before  the  river  was  reduced  to  its  present  base  level,  and  above  * 
^hich  alluvium  may  have  been  deposited  in  exceptional  quantity,  but 
he  period  of  the  excavation  of  the  short  gorges  between  the  barriers 
s  unknown. 

The  alluvial  deposits  of  the  Medicine  and  tributary  valleys  claim  a 
massing  notice.  I  have  referred  to  those  of  an  arenaceous  character. 
?here  are  others  decidedly  argillaceous.  These  are  red.  They  are  finer 
grained  than  the  red  loess  of  the  valley.  The  loess  is  finer  grained 
ban  the  red  rock  clay  of  which  it  is  mainly  formed.  It  would  be  in- 
eresting  to  examine  these  three  forms  with  respect  to  the  physical 
nd  chemical  conditions  of  their  materials  and  their  relation  to  the 
ertility  of  the  soil.  The  red  rock  soils — both  sedentary  and  trans- 
ported— are  fertile. 

CONCLUSION. 
THE  GENERAL  RESULTS. 

Among  the  results  of  this  reconnaissance  has  been  the  distinct  rec- 
gnition  of  various  formations  in  the  region  explored.  It  is  not  to  be 
xpected  that  a  hurried  reconnaissance  should  enable  the  geologist  to 
lelineate  the  formation  boundaries  of  a  considerable  area  with  much 
xactness ;  and  accordingly  the  boundaries  indicated  on  the  accom- 
panying map  are  to  be  regarded  as  provisional,  excepting  in  the  imme- 
iiate  vicinity  of  the  route  traversed.  The  determination  of  the  great 
asterly  and  southerly  extension  of  the  two  Tertiary  formations  is  an 
Edition  to  American  geology ;  the  discrimination  of  the  two  Quater- 
lary  gravel  deposits  is  believed  to  be  new ;  and  the  tracing  of  both 
pravel  beds  to  their  sources  in  the  Tertiary  conglomerates  is  of  local 
tnd  general  value  as  a  means  of  ascertaining  the  origin  of  certain  super- 
icial  deposits. 

The  Source  of  the  Tertiary  ConglomeratcH. — One  of  the  most  interest- 
ng  problems  suggested  by  the  reconnaissance  relates  to  the  origin  of 
be  m^tori^lS;  particularly  the  coarse  gravels,  com\voa\u^  \\v^Tt'6xXKajr3 
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formalioDif.  It  hua.  indeed,  alrtiuly  bi>ea  inforreil  by  geologists  familiar 
with  the  region  that  the  materialii  of  the  Tertiary  coDglolDe^at(^8  wen 
origiiiiilly  derived  from  the  Iii>Bl;y  Mniiutaius;  but  iiivostigatiouB  of  tbe 
recoil  uaissauoe  eonflrmiHt  by  luoi-e  recent  exploratious  have  plocvd  Ili« 
iDfercncea  ou  a  firmer  basis  than  ever  Itefore.  Thoro  is  a  series  of 
mounds  of  gravel  aud  of  coDglomeratio  de|>oait»  along  the  westmi 
margin  of  the  Great  Flaiua  iu  Colorado,  well  eshibiled  froai  north  of 
Denver  to  below  Pueblo  j  these  di>iiosit«  ar«  ajiparently  the  WMt- 
ward  coiitiniiation  of  the  Tertiary  grit  of  Kauaaa,  and  their  inat«riill 
are  so  similar  to  thoae  of  the  deltas  and  allurhil  fiins  built  by  tie 
inouutaiii  streams  at  the  mouths  of  their  ciiilons  aa  to  iirovo  identity  of 
source.  It  in  trne  that  in  the  Tertiary  grit  of  Kansas,  tbe  pliyncil 
oondition  of  the  matoriaU  and  the  proportion  of  the  various  dementi 
are  different  from  those  found  in  tbe  gravel  mounda,  conglomerates  und 
alluvial  fans  at  the  immediate  base  of  the  mountains;  the  matertill 
are  universally  finer  and  better  rounded,  and  there  is  a  predominaoM 
of  quartz  and  other  obdurate  minerals;  but  tbe  differences  in  tbo 
coarseness  and  in  the  minerulogtc  cbariicttir  of  the  materials  obRerreil 
between  the  ninety-eighth  meridian  aud  the  Colorado  bonndary  am 
even  greater  than  those  ocottrring  between  the  Colorado  boundary  and 
the  Buckies. 

It  is  probable  that  tbo  Wichita  Mountains  of  Indian  Territorj', 
which  are  composed  of  igneous  rocks,  have  contributed  material  for  the 
Tertiary  formations  of  ^ausas;  but  the  character  of  the  pebbleaaod 
the  direction  of  the  mountains  with  respect  to  Elo]>es  alike  indicate  Uiat 
this  source  was  unimportant. 

The  manner  of  transportation  of  pebbles  so  coarse  as  those  foanil  in 
the  Tertiary  conglomerate  in  southwestern  Kansas  over  the  foar  hun- 
dred miles  intervening  between  the  localities  described  above  and  tbeir 
original  source,  remains  a  problem.  The  Tertiary  deposits  were  laid 
down  in  lakes  or  inland  seas  in  which  the  currents  could  have  been  of 
hnt  limited  strength — probably  too  limited  to  permit  of  trauaportation 
of  such  coarse  materials.  It  may  bo  auggesteil  that  the  period  of  deiM- 
sitiou  of  the  Tertiary  grit  of  western  Kansas  and  eastern  Colorado  wit- 
nessed the  progressive  elevation  of  the  Rocky  Mountains  either  by 
steady  uplift  like  the  coast  of  Swodeu,  or  by  a  succession  of  sudden 
upheavals  like  the  Andes,  and  that  during  this  period  the  shore  of  liio 
lake  with  its  attendant  shingle  and  littoral  debris  and  the  months  of 
tlie  inountaiu-fed  aSlnouts  from  which  tbo  debris  was  derived,  w«re 
progressively  shifted  farther  aud  farther  to  the  eastward,  and  that  tho 
coarser  and  finer  phases  of  the  Tertiary  conglomerates  throughout  tbe 
whole  area  thus  represent  successive  littoral  deposits. 

Tke  Question  of  Tertiarg  Shores. — A  second  problem  suggested  by 
the  reconnaissance  relates  to  the  eastern  shores  of  tbe  water  bodies 
in  which  the  Tertiary  deposits  were  laid  down.  Little  progress  has 
been  m.iJe  iu  the  solution  of  this  problem.  J«o  unmistak-'''"  ''''"- 
tiarj  deposits  were  fouud  na  far  easlwati  sks  XW  miiftV^f-^vi 
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dian  either  in  sita  or  in  the  form  of  residuary  sands  and  gravels,  and 
there  is  nothing  in  the  topography  or  in  the  behavior  of  the  rivers  to 
suggest  that  the  formations  ever  extended  much  farther  eastward.  It 
is  significant,  however,  that  the  course  of  the  Arkansas  Kiver  is  sud- 
denly changed  above  Wichita,  and  that  a  prominent  ridge — the  Flint 
Hills — which  attains  an  elevation  of  sixteen  hundred  feet  and  which 
might  have  formed  a  barrier  for  the  Tertiary  sea,  occurs  just  eastward. 
It  is  possible  that  evidence  of  the  coincidence  of  the  old  shore  with 
this  ridge  may  ultimately  be  found,  but  such  evidence  has  not  thus  far 
been  brought  to  light. 

3%e  Tripartite  Erosion. — The  most  striking  facts  developed  by  the 
investigation  of  the  Great  Plains  are  connected  with  the  three  periods 
of  erosion.  The  profound  depths  of  the  Grand  Canon  of  the  Colorado 
give  a  visible  exhibition  of  erosion,  that  from  the  direct  evidence  of  the 
senses  affects  the  imagination  of  even  the  illiterate.  But  on  the  plains 
it  is  only  after  painstaking  observatipn,  during  a  long  time  and  over 
extended  area,  that  the  great  fact  of  the  erosion  is  made  out.  But 
when  it  is  made  out,  and  the  mind  grasps  it,  it  is  as  striking  a  fact  as 
the  Colorado  chasm.  Hero  is  an  area  whose  dimensions  are  not  less 
than  the  whole  State  of  Colorado,  which  has  been  cut  first  into  great 
valleys — from  the  Platte  to  the  Canadian — and  its  general  level  lowered 
several  hundred  feet  after  the  close  of  the  Cretaceous  period.  Next  it 
was  submerged,  and  a  deposit,  the  Tertiary  grit,  laid  over  it  to  a  depth 
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Fio.  21. — Section  across  the  Arkansas  Valley. 

«^  Tertiary  marl ;  £^,  Tertiary  grit;  c.  contour  at  commencement  of  post-Tertiary  erosion;  9,  Qunter- 
Mry  depoaitsj  a.  aaaumed  contour  at  close  of  pro-Nooceuo  erosion;  b^  assumed  contour  at  comnience- 
■mt  ef^d-Keooene  erosion. 

of  probably  fifty  feet.  Then  after  emergence  so  uniform  that  the  new 
waterways  followed  the  old,  it  was  again  eroded,  the  grit  almost  entirely 
disapiiearing  in  the  valleys,  and  being  certainly  much  thinned  elsewhere. 
Another  submergence  spread  over  all  the  area  a  deposit  which  on  the 
highest  points  is  yet  two  hundred  feet  thick,  and  must  have  been  thicker 
in  the  valleys.  And  this  has  again  been  eroded,  generally  along  the  old 
lines,  and  cut  down  to  and  below  the  depth  of  the  first  cutting  into  the 
Cretaceous  rocks.  The  mean  total  erosion  for  the  whole  region  can  not  be 
less  than  three  hundred  feet,  as  it  must  much  exceed  that  in  the  valleys. 
The  generalized  section  in  Fig.  21  shows  the  observed  facts  of  the 
Arkansas  Valley,  commencing  with  the  close  of  the  pre-Neocene  erosion. 
The  broken  lino  ^  shows  an  approximation  to  the  eroded  surface  of  the 
Cretaceous  strata  at  the  commencement  of  the  deposition  of  the  grit. 
Xhe  line  b  represents  the  completion  of  the  grit.    The \mv^  c  m^^  \^^  \.^^m 


48  GEOLOGY   OP  80UTIIWESTKKN   KANSAS.  !■>««.«. 

as  the  probable  luvcl  at  thu  post  IVrlinry  ftnt^igcucB  of  tUc  nmrl.  Ati 
^resoiit  there  are  no  data  fur  ostimsttDg  tliu  urigiital  height  of  the  Cre- 
taueouH  strata.  Sectious  like  tbb,  diffariug  ouly  in  detail,  can  be  con- 
«truct«d  for  the  Smoky  Hill  River,  tlie  Saline,  the  Solomon,  the  rratiie 
Dog,  Qiul  the  8api>:i,  ami,  iu  smaller  aictiH,  the  valley  uf  the  Giaiarron. 
The  Tertiary  grit  forms  in  parts  of  Sewiird  county  the  bed  of  that  streAm. 

The  average  dip  of  the  strata  iu  tlie  region  of  Carboiiiferous  tom^ 
lions  is  to  the  west;  the  dip  of  tlte  higher  Orctaceons  rocks  in  tho  Arliaa' 
sas  Valley  is  certainly  towards  the  east.  Both  northerly  uiid  eoutli- 
erly  local  dii>s  have  been  noticed.  It  has  not  been  easy  to  dtwJd* 
how  to  represent  the  ohserve<l  factH,  but  in  tho  sections  forming  PL  U 
the  dip  is  believed  to  bu  approximately  eorroet. 

These  varied  phenomena  of  tho  plains,  then,  arc  all  the  results  of  this 
complex  appUcatioQ  of  the  force  culled  erosion.  Its  manifestation t> 
on  every  hand.  It  hat)  carved  the  weird  forms  and  the  deep  caSonRof 
the  Gypsnm  Hills.  It  has  cut  out  the  broad  vnlleysof  the  great  riven 
and  the  narrow  ravines  of  tho  torrents.  It  has  spread  oat  vast  sbeets 
of  sand  and  jiiled  up  mounds  of  irravel  whteh  it  has  bronght  tna 
higher  regions,  and  it  is,  day  by  day  aud  yesir  by  year,  slill  degnullng 
the  solid  rock  aud  sapping  away  the  solid  body  of  the  high  prairies  of 
tlte  west. 

BCOSOMIC   GKOLOGY. 

It  is  not  possible  to  give  proper  discussion  here  to  the  facts  of  W- 
nomic  value  in  this  region,  mainly  because  they  could  not  have  the  in- 
vestigation their  importance  wan-anted.  Tiiey  have  been  incirteiitallj 
touched  in  preceding  pages,  and  hero  I  will  note  ouly  that  observa- 
lions  on  the  water-holding  capacity  of  the  Tertiary  grit  have  becupnli- 
lished  by  me  iu  a  bulletinof  the  State  Board  of  Agriculture,  aud,beiug 
extensively  copied  iu  the  news[)apers,  have  been  usefni  to  the  settlers 
of  the  Southwest.  Similar  observations  were  also  made  by  Professor 
St.  John.  It  is  interesting  to  note  that  recent  esamiuations  in  nortben 
Kansas  have  revealed  traces  of  the  Tertiary  formations  east  of  Ibe 
niuety-eevcuth  meridian.  ' 

The  gypsum  deposits  are  being  practically  utihzed  in  tho  manufact- 
ure of  stucco  aud  plaster-of- Paris,  aud  some  beds  yield  marble  and  nl^ 
baster  that  may  lake  a  place  in  ornamental  architecture.  Somo  of  tiie 
red  beds  at  Kingman  are  yielding  a  tine  iiuality  of  mineral  paint  Tli« 
Cretaceous  formations  are  iu  {daces  yielding  building  stones  that  areof 
great  value  to  the  increasing  population  of  southwestern  Kansas. 

The  salt  rock  ou  tho  confines  of  tlio  Permian  aud  Triassic  forma- 
tions is  of  great  thickness  aud  is  being  extensively  utilized  at  HnWh- 
insou  aud  elsewhere.  At  Kingman  it  has  been  reached  by  a  shaft  wliieb 
has  already  jiassed  tlirough  34  feet  of  solid  salt  in  four  layers,  and 
thicker  veins  are  exjiected  at  a  somewhat  greater  depth  than  tliat  90^ 
reached  (700  feet). 


INDEX. 


Page. 

I  of  KansM 43-45 

•  IUT«r,  Tertiary  blaffs  on 37 

I  Tftlley,  •and  dunes  of 44-45 

OB  aeroaa,  ahowinK  repeated  ero- 

a 47 

wttlla 18,30,48 

I,  Topeka  and  Santa  F6  railway, 

by 9 

hale 19,20 

F.H.,  cited 17 

1  Ugnitee  in  the  Great  Plaint,  qnee- 

naeoneeming 13 

eratee.  Tertiary,  source  of 45 

D.,€rited IC 

Isrona  strata  of  soathwestem  Kan- 

19,20 

formAtions 10,27-31 

16,27 

H..  determinations  of  fossils  by . . .         0 

ity,  Kans.,  ezposnren  near 83, 87 

oceology 48 

Bda 36 

>f  the  Great  Plains 47 

G.  H.,  cited  on  chemical  oompoai- 

n  of  Kansas  rook  and  soil 21 

iton  formation 27-30 

"railroad, aid  by 9 

fivrmations  of  soathwestem  Kansas       18 

Ibe  Earlier)  of  Kansas 89-41 

The  Later)  of  Kansas 41,42-43 

I  beds  of  Kansas,  significance  of . . .       29 

The)  of  Kansas 38.89 

deposita,  economic  Tslae  of 48 

t,  location  and  stmctore  of 22-24 

B  Connty,  sections  in 38 

iUmnty,  sections  in 33 

i«rtT.,oited 29 

as  in  Kansas 20-27 

Kans.,  sections  seen  near 38 

1,  Kans.,  exposures  of  the  Dakota 

mationat S7 

reek,  Kans.,  exposures  on 28,84,86 

Kanaaa 41,42 

rk  formation 16 

lis  of 18 

(r.J.,*oknowledgments  to 9 

K.,  aid  by 9 

onnty,  section  in 34 

)  Biver,  alluvial  deposits  of 45 

)   history  of  western  Missisfiippi 

Uey 11,12 

ipl  Valley,  summary  of  geologic 
toryof 11,12 


Page. 
Mississippi  Valley  and   Rocky  Mountain 

region,  contrast  of  geologic  history  . .       12 

Missouri  Pacific  Railway,  aid  by 9 

Mudge,  B.  F.,  cited 16 

Acknowledgments  to 18 

Niobrara  formation  of  Kansas 30,31 

Norton  County,  Kans. ,  section  in 37 

Paleozoic  history  of  the  Mississippi  Valley .  11, 12 

Petit  Anse  Island,  La.,  salt  deposits  at 13 

Quaternary  deposits  of  Kansas 38-45 

Red  beds,  economic  value  of 48 

Red  Bluff;  Kans.,  exposure  at 38,39 

Re<l  rocks  of  Kansas 14 

Red  rock,  region  of 20-20 

Rocky  Mountain  and   Mississippi  Valley 

geology,  discrepancy  between 12 

Rocky  Point,  Kans.,  exposures  at 83 

St.  John,  O.  H.,  acknowledgments  to 18 

Cited 29,80 

Saliferous    horison,  extent  and    geologic 

place  of 26-27 

Salt  deposits  of  Petit  Anse  Island,  Louis- 
iana, and  elsewhere 18 

Salt  rock,  utilization  of 48 

Salt  wells  of  Kansas 26,26 

Sand  dunes  of  the  Arkansas  Valley 44, 45 

Satinspar 22.23 

Saw  Log  Creek,  exposures  on 28,29,86 

Sharon,  Kans.,  exposure  of  Dakota  forma- 
tion at 27 

Shores,  Tertiary 46,47 

Shumard,  G.  C,  cited 17 

Simmons,  J.  H.,  aid  by 9 

Southern  Kansas  Railway,  aid  by 9 

Spring  Creek,  Kans.,  exposures  of  Fort 

Benton  formation  at 28 

Superficial  deposits,  review  of 12 

Swallow.  G.  C,  cited 17 

Tertiary  grit 82-86 

Tertiary  formations  of  Kansas 81-38 

Tertiary  marl 85-36 

Tertiary  conglomerates,  source  of 45 

Tertiary  shores  in  Kansas 46-47 

Triassio  rocks,  review  of 12,25 

Triassic  red  beds  of  Kansas,  boundaries  of.       26 
Wellington,  Kans.,  deposit  of  gravel  at ... .       89 

Wells,  Artesian 13,80,48 

West,  J.  P.,  described  gravel  deposits  at 

Wellington,  Kans 89-40 

White  Sandstone  Plateau 22 

White.  C.  A.,  determination  of  fossils  by. . .         9 

Wichita,  Kans.,  exposures  near 17, 19, 84 

Deposits  of  loess  at 41 

49 


DEPABTMENT  OF  THE   INTEBIOB 


BULLETIN 


UNITED    STATES 


GEOLOGICAL   SURVEY 


No.    58 


WASHINGTON 

QOVKRNMENT    PBINTINO   OFFICE 

1S90 


UNITED  STATES  GEOLOGICAL  SUJtVEV 

J.  W,  POWKLL,  DIRECTOK 


THE 


GLACIAL  BOUNDARY 


WESTERN  PENNSYLVANIA,  OHIO,  KENTUCKY, 
INDIANA,  AND  ILLINOIS 


GEORGE  FREUEniCK  WRIGHT 


WITH  AN  INTKODUCTION  BY  THOMAS  ClIltOWUKK  CirAMUKHLIN 


WASHINGTON 

aoVEUNMENT    I'ltlNTINQ    OFFIOE 

1890 


CONTENTS. 


Page, 

rof  tranBmittal • 11 

►DUCnON  BY  T.   C.  ClIAMBRRLIN 13 

aes  of  the  npper  Ohio  River  diHtrict. •...  22 

he  hif;h  horizontal  terraces 22 

he  higher  river  terraces 24 

he  lower  river  or  moraine-headed  terraces J^ 

General  renoarks  on  the  two  systems 33 

he  slender  horizontal  terraces 37 

hestnictaral  terraces H8 

lation 38 

QijkciAL  Boundary  in  Western  Pennsylvania,  Ohio,  Kentucky,  In- 

NA,  AND  Illinois,  by  G.  F.  Wright 39 

dnction 39 

bod  surfaces  of  rocks  in  place 39 

aary  of  facts  concerning  the  nnstratified  deposit  called  "till " 42 

Preliminary  remarks 42 

General  distrihntion  of  till  and  its  relations  to  hurled  channels 43 

'baracter  of  the  material  composing  the  till 45 

Source  of  bowlders  in  the  till 50 

ilarity  of  distribution  of  till  near  the  margin 52 

Distribution  of  the  till  east  of  the  Alleghanies 52 

New  England 52 

New  Jersey 55 

Pennsylvania ••.•••••.  65 

Northampton  County 55 

Monroe  County 55 

Luzerne  County 56 

Columbia  County 56 

Lycoming  County 56 

New  York 56 

Cattaraugus  County 56. 

Distribution  of  the  till  west  of  the  Alleghanies ,... 57 

General  f^marks 57 

Pennsylvania 58 

Warren  County 58 

Venango  County 1 59 

Crawford  County 59 

Mercer  County * 59 

Butler  County 59 

Lawrence  County 59 

Beaver  County ...^  ...* ^ 


Itularity  i>r  ilUtribntlnn  c>r  till  niixr  thn  niareln — CnntSnnml. 
Dintributiuti  of  tlie  till  wMtaf  the  AIlBi;hii[]k>8— Contioiied. 

IOLid 59 
CoInmbiAna  Couuty W 
Bturlt  CoQuty 6ii 
Holmoa  County BO 
Kduz  Coanljr HI 
Licking  Comity d 
Pnrty  Ccratity 61 
Fuiraolil  County 61 
Ross  County 61 
HiKliland  Coonty 61 
Brown  auil  Clifinont  Conntlea 61 

Hamilton  County K 

ButlxT  County SJ 

Kentucky 83 

(CsmplioUCnnnty fii 
Konton  County fi^' 
Uoone  County M 
Trimble  County K. 
Indiana  f^' 
Seorbora  Connty *" 
Ohio  County » 
Sn'iticrlAnd  County K 
Jefferson  County *■ 
Bipiey  County « 
Jennings  County ^ 
Clarke  County ^ 

Rpott  CoiiDty  I" 

Jackson  County...., ^ 

BarCliolomew  Connty ^ 

Decatnr  County ** 

Jobnaon  County * 

Brown  Connty ®* 

Monroe  County ** 

Morgan  Connty ^ 

Putnam  Connty - 

Owen  Connty * 

Greene  County ™ 

Bulliv&n  Conuty ^ 

Knox  County ^ 

Uaviesa  County " 

Gibson  County ® 

Vunderburgb Connty ... ....  —  ■    ' 

Posey  County ™ 

niinois " 

Wbil*  Connty -■... " 

Gallatin  Connty "* 

Saline  County " 

Williamson  County '^ 

Jackson  County J* 

Randolpli  County " 

Mluonri 

Jefferson  County--.. - — 

St.  Lonis  Conuty • 

Oeawal  remarka - 


CONTENTS.  7 

Pftge. 

Hbesis  of  a  glacial  dam  atCinoinnati I. 76 

Dtrodnction 70 

rho  lower  terraces  of  the  Ohio  and  its  tributaries 7G 

i'ho  apper  terraces  of  the  Ohio  and  its  tributaries 80 

rhc^retical  explauations 82 

The  upper  terraces  the  remnants  of  a  distinct  glacial  epoch  earlier  than 

that  producing  the  lower 82 

Facts  adverse  to  this  theory..... 83 

Torraces  on  the  Mouongabela 83 

River  deposits  in  Teazes  Valley,  West  Virginia 8G 

Terraces  on  the  Big  Sandy « 88 

Terraces  on  the  Elk  River 88 

Terraces  in  Bath  County,  Ky 90 

Beech  Flats,  Pike  County,  Ohio 92 

Freshness  of  the  vegetable  remains  near  the  glacial  margin 96 

ammary 100 

oess  and  its  relation  to  the  glacial  drift 101 

near  the  glacial  margin 104 

glacial  man  in  Ohio 105 

ral  conclusions 108 


ILLUSTRATIONS. 


f:     I.  Section  of  till  at  Lane's  Mill,  near  Darrtown,  Butler  County,  Ohio..  48 

II.  Exposure  of  till  some  miles  east  of  section  shown  in  Plate  I 50 

III.  Cliff  of  post-glacial  conglomerate  south  of  Woolper  Creek,  near 

Split  Rock,  Ky 64 

IV.  A  near  view  of  cliff  shown  in  Plate  III 66 

V.  Map  of  southern  Illinois  showing  glacial  boundary 70 

YI.  Section  of  deposit  near  Hurricane,  in  Teazes  Valley ,  West  Virginia.  88 

VII.  Section  of  peat  and  drift,  Germantown,  Ohio 06 

VIII.  Section  of  till  showing  wood,  one  mile  south  of  Oxford,  Butler 

County,  Ohio  (on  a  tributary  of  Four-mile  Creek) 98 

1.  Stria>  on  the  summit  of  the  Alleghanies,  Sullivan  County,  Pa 40 

2.  Map  showing  glacial  boundary  in  Ohio 46 

3.  Map  of  southern  Indiana  showing  glacial  boundary ^65 

4.  Map  of  the  tributaries  of  the  upper  Ohio "^T 

5.  Map  of  the  old  channel  of  the  Monongahela,  between  Masontown  and 

Carmichaels,  Va 86 

6.  Map  of  Teazes  Valley,  West  Virginia 87 

7.  Outline  map  of  Elk  River,  West  Virginia : 89 

8.  Map  showing  terrace  at  Belle vue.  Pa.,  and  the  relation  of  Ch artier  Creek 

to  the  Alleghany  River 91 

9.  fifap  showing  the  still-water  deposit  between  Paint  Creek  and  Brush 

Creek,  southern  Ohio r2 

10.  Map  of  Hamilton  County,  Ohio,  showing  situation  of  glacial  terrace  in 

which  paleolith  was  found 106 

9 


LETTER   OF   TRANSMITTAL 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Division  of  Glacial  Geology, 

Washington^  D.  C,  May  23, 1889. 

Sir  :  I  have  tlic  honor  to  transmit  herewith  for  pablication  as  a  bul- 

tin  of  the  Survey  a  paper  prepared  by  Prof.  G.  Frederick  Wright  on 

e  glacial  boundary  in  western  Pennsylvania,  Ohio,  Kentucky,  Indi- 

la,  and  Illinois,  to  which  I  have  prefixed  an  introduction  reviewing 

rtain  questions  of  wide  interest  and  debatable  interpretation. 

Very  respectfully, 

T.  C.  Ghamberlin, 

Geologist  in  Charge. 
Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Surrey. 

11 


INTRODUCTION. 


By  T.  C.  Chambeblin. 


The  following  paper  is  one  of  a  series  of  important  (K)ntribntioQs  to 
acial  geology,  issued  under  different  auspices,  whose  objects  are  to 
t  forth  the  extent  of  the  northern  ice-borne  drift  with  greater  precision 
id  detail  than  have  been  before  practicable.  In  a  general  sense,  the 
:tent  of  the  drift  of  the  Atlantic  border  region  and  of  the  interior  has 
Dg  been  known,  but  more  or  less  lack  of  precision  respecting  its  limits 
id  marginal  character  has  prevailed.  In  the  western  part  of  our 
rritory  definite  knowledge  has  been  much  more  limited  and  miscon- 
ptions  of  some  gravity  have  obtained.  No  other  state  of  knowledge 
AS  to  be  expected  in  view  of  the  vast  stretch  of  territory  involved  and 
e  multiplicity  of  broad  questions  forced  upon  the  attention  of  the 
rlier  geological  surveys,  whose  functions  were  rather  to  determine  the 
lient  features  of  a  score  of  diverse  formations  than  to  trace  out  into 
mplete  detail  any  selected  one.  But  about  a  decade  ago  (1876)  a 
ovement  in  the  direction  of  more  careful  delineation  of  the  outer  margin 
the  drift  was  initiated  by  Profs.  George  H.  Cook  and  John  0.  Smock, 
the  New  Jersey  Survey,  and  this  was  followed,  at  short  intervals,  by 
tnilar  work  on  the  southern  border  of  New  England  by  Warren  Up- 
un  and  other  volunteers ;  across  Pennsylvania  by  Profs.  H.  ().  Lewis 
Id  G.  F.  Wright,  under  the  auspices  of  the  Geological  Survey  of  that 
'ate;  and  across  Ohio  and  Indiana  by  Prof.  Wright,  through  the  ai<l 
'  the  Western  Eeserve  Historical  Society.  The  present  bulletin  in- 
udes  the  extension  of  this  work  of  delimitation  to  the  Mississippi 
iver,  under  the  auspices  of  the  U.  S.  Geological  Survey.  West  of  the 
ifisissippi  considerable  progress  has  been  made  by  Profs.  B.  D.  Salis- 
iry,  J.  E.  Todd,  and  myself  in  delimiting  the  northern  drift  and 
)tenniniiig  the  character  of  its  border,  but  the  details  yet  await  publi- 
»tion.  In  the  main  the  consecutive  tracing  of  the  border  of  the  drift 
^  not  been  attempted  in  that  region,  but  determinations  have  been 
ade  at  firequent  intervals  along  the  margin  in  connection  with  other 
ork,  deemed^  at  the  present  stage,  more  important. 
All  those  who  have  been  eug<aged  in  these  recent  and  more  careful 
Odies  of  the  border  of  the  drift,  though  they  have  come  to  the  stud^- 
om  different  associations  and  under  different  auspices,  have  givea 
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twseut  in  greater  or  tetis  tueusuic  to  the  doctrine  of  the  glaoJsl  ori^ 
of  the  drift,  aiul  Iiave  einplo.vvd  Its  working  liypotlies^^.  All  lire  iiol| 
however,  equally  oxcluHive  in  tli«ir  ctnploymeut  of  these  hyimlheMS 
At  pre«eut  a  portion  of  tbo  investigators  iucliue  to  the  viuw  tliat  all 
mnrginal  deposits,  savf^,  obvioiiinty,  tbe  water-washed  gmvelB,  saoili^ 
and  clays,  are  of  dirt-vt  glaoial  deposition,  while  ottiers  are  iinileddtl 
respexstin;;  certain  portionii,  doubtiug  whether  they  were  deposited  di 
reotty  by  land  ice  or  indircully  by  lluatiiig  ico  in  budie^i  of  watur  lui 
giuul  to  the  grt-at  ic«  liekl. 

There  are  also  important  differences  of  view  rcspcxsting  the  nQity 
the  nmrginal  depositw  and  the  contiiiiiity  of  the  history  of  gliMuatit 
iSonie  of  the  investigators  appear  to  give  atlhesion  to  the  l>elief  ttiat  t 
entire  margin  wiis  pnuliuxsl  jit  practinally  the  same  lime  and  by  G 
same  great  field  of  ice,  while  others  entertain  tbe  ooiin«lent  belief  tb 
different  portions  of  tbe  margin  were  produoed  at  ditferent  tiuiesai 
by  independent  ice  inviwiouH,  or,  at  Ie;iBt,  ice  advances.  ThtveA 
vergeuces  of  belief  ami  those  withholdings  of  belief  constituto  a  whoW 
some  intellectual  environment  wliich  it  is  not  desirable  shonld  be  _ 
plHoe<l  by  complete  unity  of  interpretation  nntil  »uch  niiity  Nhalibl 
eonipeUfld  by  the  force  of  evidence.  It  is  essential,  however,  t9  A 
whole«omene(u(  that  the  fact  and  the  natnre  of  the  divergeuc«)S  sbool 
be  dtstindlly  nnderstood  wherever  uonfnsion  or  misapprehension  arvli* 
ble  to  be  tntnuliiced  into  the  litexature  of  the  subject,  and  wherever  [bf 
general  reader,  who  has  not  traced  critically  tbe  growth  of  opinion,  U4I 
otherwise  be  misled. 

Certain  of  these  divergeucea of  view  and  certain  more  speciliv  liK- 
(Meuces  of  opinion,  to  which  attention  will  presently  be  called,  enst 
between  tbe  author  of  this  paper  and  myself,  in  view  of  which  Prof. 
Wright  in  transmitting  this  paper  indicated  that  it  would  cause  hi* 
no  surprise  if  1  should  express  dissent  from  some  of  the  views  Advo- 
cated in  this  bulletin.  It  seems  to  me  consonant,  therefore,  with  a  foil 
appreciation  of  the  obviously  great  value  of  the  data  bert^  presented, 
to  call  attention  to  certain  points  of  divergent  interpretation. 

The  lirst  difference  of  opinion  springs  from  the  marked  diversitia 
which  the  ehanicter  of  the  drift  border  presents.'  lu  tbe  Atlantic  ud 
Appalachian  regions  tbe  margin  is  generally  marked  by  ridged  accniao^ 
lations,  bearing  tbe  specific  characters  of  a  terminal  moraine,  whciW 
in  the  Mississippi  Valley  and  on  the  plains  west  of  it  the  drill  eiiciiin 
a  thin  margin,  unmarked  by  specific  terminal  ridging.    The  bonterini 


'  Tlie  diverse  cbitracters  of  the  drift  luaruiu  nppoar  to  have  t>euu  Dret  clearlf' 
tiuKniahed  on  thu  twrdiir  of  tbe  ilriftltwa  rt>giiiii  of  tbe  Ujiimc  MixaiMippi,  uid  cM 
apeclflcolly  disciigsod  b;  in,v  axaiwiitto,  Prof.  R.  D.  Saliabiirj,  before  the  Wiwonrii 
Auadeini  of  Soleace  in  1884,  who  aot  fartb  the  coutiiuted  facts  that  along  obtUIii 
Btretchca  the  margio  coasiHta  of  chick-riilged  nccuruuliitionH,  poustitutiuj;  deBiiM 
terminal  momiiiea,  while  nlnog  other  stretolios  tlio  ilrlft  Kade  in  attnnnated  ed| 
The  snbject  is  more  fnll;  bniiijriit  out  in  nnr  joint  paper  cm  th-Mlrifcless  weaof 
upper  MiHsiwippi  Valley,  in  tUo  Si((h  Auuuiit  Btil>ui.-t  of  tUo  U-  8.  Geoto^eKlfomiv 
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inoraiiie  at  the  east  departs  from  the  extreme  limit  of  drift,  according 
to  oar  present  knowledge,  as  I  interpret  it,  in  western  Pennsylvania. 
Ihere  the  outermost  moraine^  lies  a  few  miles  back  from  the  limit  of 
drift,  the  extreme  edge  being  formed  of  thinly  dispersed  erratics. 
Westward  from  this  there  is  a  wider  departure  of  the  two,  and  in  the 
immediate  valley  of  the  Mississippi  the  terminal  moraines  thus  far 
identilied  lie  remote  from  the  border.  I  have  elsewhere  assigned 
reasons  for  believing  that  these  are  the  essential  equivalents  of  the 
ridges  which  lie  along  the  border  in  the  Atlantic  region.  However 
this  may  be,  I  entertain  the  view  that  the  drift  sheets  of  the  interior 
which  terminate  in  attenuated  borders — and  I  hold  that  there  are  more 
than  one  of  these — are  more  ancient  than  the  drift  which  terminates  in 
the  recognized  ridged  moraines.  I  conceive  that  these  differently  dis- 
posed drifts  indicate  somewhat  widely  separated  epochs  of  glaciation, 
attended  by  diiierences  of  orographic  attitude  and  differences  in  the 
specific  methods  of  action  and  in  the  phiises  of  deposition. 

If  there  be  any  truth  in  these  views  it  becomes  important  to  distin- 
gaish  the  differences  in  the  character  of  the  border,  for  they  have  signiti- 
eanoe  beyond  the  mere  fact  of  variation  in  the  manner  of  deposition. 
While  not  disposed  to  urge  the  accei)tsiiice  of  these  views  beyoud  the 
point  to  which  they  seem  to  be  borne  out  by  specific  evidence — which 
can  not,  obviously,  be  here  cited — it  seems  important  that  the  difl'er- 
ences  in  the  nature  of  the  border  be  duly  weighed,  and  that  pen<ling 
the  demonstration  of  the  truth  the  mind  of  the  reader  be  withheld  froui 
the  unconscious  acceptan(;e  of  the  impression,  which  has  somewhat  ob- 
tained, that  the  border  is  a  historical  unity. 

Respecting  the  question  of  mode  of  formation  it  is  most  important 
that  the  criteria  of  discrimination  between  deposits  held  to  be  formed 
directly  by  land  ice  and  those  held  to  be  formed  by  floating  ice  should 
be  rigorously  scrutinized.  The  criterion  of  striationy  as  urged  by  the 
Mthor  of  this  bulletin,  appears  to  me  to  be  thoroughly  trustworthy 
where  the  scorings  are  developed  in  suflicient  abundance  and  perfection 
to  afford  ample  facilities  for  discrimination.  In  the  Atlantic  and  Ap- 
palachian regions  and  over  large  portions  of  the  interior  the  phenoin- 
eoaof  striation  are  adequate  and  decisive,  but  near  the  border,  in  the 
plain  region  of  the  interior,  striation  is  relatively  rare  and  feeble.  Be- 
sides, there  are  very  numerous  instances  of  unabraded,  rotten-surftioed 
rock,  covered  with  the  ancient  residuary  material,  an<l  even  old  soils 
remain  unremoved.  This  appears  to  force  the  alternative  of  either  <lis- 
missing  the  land-ice  theory  for  these  areas  or  of  maintaining  that  land 
ice  may  creep  over  extensive  tratJts  without  forcefully  abrading  the  sur- 
face, even  when  already  incoherent  from  disintegration.  While  I  in- 
dine  to  the  latter  alternative  somewhat  strongly,  it  appears  to  me  to  be 
in  the  interest  of  ultimate  progress  to  distinctly  recoguize  the  differ- 
ences between  such  areas  of  feeble  4ibrasion  and  those  which  exhibit 


'Using  the  wortji  liere  only  iu  tho  ueuso  of  4  termiual  ridging  produced  by  a  glacier. 
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Ktroii^  ghiciiil  nispiiig,  uud  also  to  recognize  that  while  the  laud-ici 
hyi>otlicsi»  is  unassailable  iu  the  one  region,  its  support  is  relativelji 
weak  and  perhaps  altogether  insufllcient  in  some  i)ortious  of  the  other 
and  further  to  recognize  that  while  the  glacial  theory  may  be  trae  ii 
the  main  it  may  be  false  in  the  particular. 

The  evidence  ailbrdeil  by  the  tills  seems  to  me  yet  to  need  a^adica 
tion.  While,  generally,  unassorted,  unstratified  bowlder  clays  an 
strong  presumptive  evi<lenc«)  of  gliu;ier  origin,  there  seems  yet  to  Im 
reason  to  believe  that  almost  precisely  similar  depositu  may  be  pro 
duced  by  the  droppings  of  floating  ice.  Certainly  the  presence  of  gla 
ciated  pebbles  and  bowlders  is  not  distinctive,  for  floating  ice  derived 
from  the  edge  of  an  mljacent  or  disUint  glacier  would  bear  material 
precisely  like  that  carried  within  the  glacier  itself.  That  it  might  be 
unstratilied  in  its  deposition  a[)pears  to  be  supi>orted  both  by  theoreti' 
cal  considerations  and  by  observations  on  deposits  w^hich  are  so  sand- 
wichiHl  iK^ttween  assorted  and  lamiuate<l  material,  so  graduated  intc 
such  material,  and  so  bordered  by  beach  lines  and  surfaced  by  plane 
topography  as  to  aflbrd  strong  evidence  of  glacio-natant  origin.  Hav- 
ing, without  much  satisfaction,  puzzled  over  the  prt)blem  for  several 
^ears  in  the  endeavor  to  And  trustworthy  lines  of  discrimination  be- 
tween bowldeiy  clays  of  glacier  and  of  glacio-natant  origin,  respectively, 
I  am  inclined  to  regard  this  line  of  proof  iis  of  d<mbtful  charac^ter  in  its 
general  ai)plication,  though  the  specitic  nature  of  individual  deposits 
may  disclose  their  origin  with  reasonable  certainty. 

Kvidence  drawn  from  the  tojiographic  relations  of  tho  margin  of  the 
drift  is  of  tlio  tirst  order  i>f  inqK)rt;inee.  In  tlie  present  ca^e  the  undu- 
lations of  the  niar;xin  over  hci^^lits  and  across  valleys  einistitute  tlie 
strongest  featun*  of  tlie  evidenee.  Tiie  frei'  manner  in  which  the  bor- 
der line  rises  and  falls  in  eri»ssin;^  tin*  A|>|>alaeliian  Mountains  anil  tin* 
honlerin*^  liiliy  tlistriets  is  searei'l.v  less  than  demonstrative  in  it^self. 
In  the  plainer  re;;ions  of  tlie  Mississip[)i  Basin  similar  evidence,  thoiigli 
less  prononnei'd  in  cliaraeter,  I'arries  coiresponding  weight.  Kel>iii},' 
eliielly  on  this  ar^uiiM*nt,a  ijualilnMl  assent  sci'iiis  re(|niretl  to  tbe  view 
of  Trot.  Wri^iht  that  iht'  extent  of  the  ice  was  «'ssentially  eoterminous 
with  the  extent  of  the  <lrift. 

Otiu'r  eriteria  of  discrimination  between  the  products  of  land  ice  ami 
of  lioatinj^  iec,  resptH'tively,  arc  assignable.  A nionj;  these  the  peculiar 
character  of  the  products  (►f  drainaj^e,  [)articnlaily  the  overwash  aprons 
and  the  nioraiiu'-headed  ;j:ravel  trains,  have  the  highest  value.  WlH'ru 
these*  ar«^  stron«j:  and  sharply  develo|>ed,  nothing  can  be  more  coiivinr- 
ini;  of  oiacicroiigiii,  and  nothin«;  more  fatal  to  the  glaeio-natant  hyiM»tli- 
4'ses.  IWit  if  phcntmnMiaof  this  class  are  clearly  «levelo])edin  the  debat- 
ahlc  territory,  thev  have  not  Ihmmi  dcti'rniined  with  sntlicient  delinitenojy 
to  !k>  a  source  of  appi^al.  On  tlie  contrary,  tin*  most  notable  attendant 
ph<MH)nienon  is  the  loess  like  silt  tJiat  i>v'crsprcads  the  margin  ami  tlif 
adja<'(Mit  re;;ioiis,  l)i)th  Nvitui:i  ami  \s  ithonr  the.  border      The  graduation 
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>f  thia  iuto  the  till  of  these  districts — not  everywhere — I  esteem  one  of 
those  teatures  which  demand  a  conservative  attitude  respecting  the  part 
played  by  creeping  ice  and  by  floating  ice,  respectively. 

As  a  check  in  the  opposite  direction,  it  is  to  be  noted  that  there  is, 
bhns  far,  a  lack  of  evidence  of  shore  lines,  or  of  deflnite  horizontal  lim- 
itations of  the  supposed  subaqneous  products,  such  as  might  reasonably 
1)6  exfiected  under  the  hypothesis  of  subaqueous  deposition. 

While,  therefore,  on  the  whole,  the  evidence  seems  to  me  quite 
strongly  to  support  the  view  advocated  in  this  paper,  that  the  advance 
>f  the  land  ioe  was  essentially  coincident  with  the  margin  of  the  bowl- 
lery  drift,  such  a  view  seems  tenable  only  on  the  hypothesis  that  the 
land  ice  was  competent  to  creep  out  upon  a  plain  without  forceful  action 
upon  it,  and  without  notably  plowing  up  material  at  its  edge. 

This  seemingly  necessary  qualification  respecting  the  marginal  action 
of  the  ice  must  be  carried  with  us  as  we  turn  to  the  consideration  of  the 
uipposed  glacial  dam  in  the  vicinity  of  CincinnatL  I  assent  to  the  view 
of  Prof.  Wright  and  of  the  earlier  students  of  the  drift  south  of  the  Ohio 
Biver,  notably  Dr.  George  Sutton,^  that  the  ice  sheet  probably  pushed 
across  the  river  and  landed  the  bowldery  drift  south  ot  it  essentially  in 
its  present  position.  But  there  is  a  lack  of  evidence  that  this  involved 
foiceful  or  vigorous  action,  for  striation  and  abrasion  have  not  been  de- 
tected, and  the  amount  of  transported  drift  is  trivial.  The  glacial  ac- 
tion here  appears  to  have  belonged  to  the  ineffective  class  above  alluded 
to.  Thefcuit^  therefore^  that  the  ice  bridged  the  cliasfn  of  the  Ohio  does  7wt 
neeeuarily  carry  toith  it  the  view  that  it  blocked  that  cJiasm  to  the  exclusion 
of  ike  river.  It  does  not  follow  that  there  was  a  i>ermanent  glacial  dam  at 
tbtkt  point,  competent  to  backset  the  water  to  the  height  of  the  five  or  six 
hundred  feet  requisite  to  give  it  some  other  outlet.  It  may  be  admitted 
as  extremely  probable  that  the  temporary  damming  of  the  stream  by  ice 
goi^ges  was  of  frequent  occurrence,  and  still  be  held  that,  in  the  main, 
the  water  maintained  a  tunnel  under  the  overbridging  ice.  Such  tun- 
nels are  not  uncommon  beneath  existing  Alpine  glaciers,  where  they 
push  acit>8S  the  mouth  of  tributary  valleys.  There  is  a  wide  distinction 
U>  be  drawn  between  the  obstruction  caused  by  the  thin  extremity  of  a 
i;lacier  creeping  across  the  channel  of  a  stream,  and  those  instances  (so 
uumerous  on  the  northward  slopes  during  the  later  stages  of  glaciatioii) 
in  which  an  enormous  mass  of  thick  ice,  if  not  the  great  body  of  the 
glacier  itself,  pushed  against  the  ponded  waters.  The  Mergelen  Lake, 
of  Switzerland,  is  one  of  the  few  known  instanoes  of  an  ice-dam  and 
body  of  water  of  the  former  order,  and  we  have  in  it  some  indication  of 
the  competency  of  ice  to  act  as  a  permanent  dam  under  such  conditions. 
The  great  Aletsch  Glacier  flows  across  the  mouth  of  a  tributary  valley 
ftud  dams  back  a  brook,  forming  a  little  lake,  to  which  the  name  Mer- 
gelen See  is  given.    The  glacier  extends  past  the  mouth  of  the  tribn- 

i  froc.  Aid.  Assoc.  Adv.  Sci.,  1876,  pp.  225-231 ;  Geol.  Sarvey  Indiana,1878,  pp.  10l;hll3, 
Bull.  68 2 
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tary  iiboiit  9,500  tuelcrs,  auil  proves  itaell'  coiupelcnt  to  forai  a  lenipo- 
rury  dam,  but  cot  a  permaneut  one,  thoDgh  tbe  (teplii  of  the  backsel 
wawr  is  here  only  about  fifty  feet,  Thi»  uoinpai-atively  sligbt  deptb  of 
water,  giving  a  pressure  of  little  more  tbau  an  ntmo8i>here  and  a  bull^ 
periodically  bursts  it8  way  out  beuoath  the  iee,  and  discliaiges  itwil  iii 
destructive  floods  down  tbe  valley.  In  the  supposed  ice-dam  at  Ciucin- 
iiati,  tbe  pressure  reucbod,  by  hypothesis,  sixteen  or  seventeea  atmus- 
pberes,  or  about  two  hundred  aud  fifty  pounds  to  the  square  iuch,  wliile 
tbe  ice  reached  across  the  gorge  scarcely  more  Ibau  twice  tbe  di8taiu'<^ 
thai  tbe  Aletscb  Glacier  passed  beyond  the  mouth  of  tbe  valley  in  wbieli 
the  Merpeleu  Lake  lies. 

Besides  the  great  difference  in  the  depth  of  water,  there  is  the  im- 
portant fact  that  the  Ohio  Valley  at  all  times  bore  a  stream  of  grnil 
volume.     In  proportion  as  the  ice  eiicroacbed  upon  its  ohaunel,  ite  uur- 
reut  must  have  beeu  ncceleralcil,  and  its  scouting  ability  increased,  uikI 
with  that  arose  an  increased  tendency  to  cut  for  itetelf  a  special  narrow 
and  deep  channel  less  readily  invaded  by  ice.     Besides,  tbe  curifnt 
must  have  beeu  charged  with  sharp  silt,  derived  from  the  glacial  griud- 
iug  ou  tbe  north  side  of  its  basin,  while  tbe   water  from  its  soiilli- 
ern  side  probably  at  all  times  retained  some  melting  power,  whicli, 
added  to  the  heat  of  friction  developed  by  the  constricted  and  forced 
oarreut,  augmented  its  ice-cntting  power  and  aided  it  in  maiotaiuing 
itself  against  the  ice  encroachment.    Its  situation  ia  the  bottom  of  a 
deep  gorge,  niiiiiiiig  Iniiisverse  ti)  the  ice  inovimient,  iiiiU   lying  from 
four  to  tiix  hundred  leot  below  the  plateau  ou  which  the  overi-idiug 
ice  chiefly  rested,  also  gave  it  an  advantage  in  maint'ainiug   itself 
against  the  thin  and  relatively  inert  margin  of  the  ice.    Thus  severtd 
conditions  favored  the  stream  in  its  struggle  with  the  supposed  en- 
croaching glacier. 

There  would,  however,  seem  to  have  been  every  requisite  coD^tioQ 
for  the  formation  of  gigantic  ice-gorges  at  the  time  of  the  vernal  break- 
ing up  of  the  river  ice,  and  on  other  favoring  oocasions.  But  as  soou  aa 
Bocbau  ice-gorge  becomes  an  effective  ico-dam,  if  it  ever  does — which  ia 
doubtful — it  destroys  the  conditions  of  its  own  creation ;  first,  by  stop- 
ping tbe  current  that  produceil  it  aud  held  it  in  place ;  and,  secondly,  by 
lifting  tbe  ice  by  tbe  lise  of  the  ponded  water.  It  seems  improbable 
that  a  lake  so  ponded  would  rise  to  a  height  of  five  or  six  hundred  feet 
without  lifting  snub  a  dam  of  blocks  piecemeal,  or  even  bodily.  Cer- 
tainly, with  the  known  tendency  of  solid  ice  to  form  bergs,  it  coald  uot 
be  supposed  to  remain  long. 

But,  as  a  matter  of  fact,  it  would  probably  never  become  a  complete 
dam,  and  would  soon  be  threaded  by  innumerable  tunnels,  whose  grad* 
ual  enlargement  would  lead  to  its  destruction.  Meanwhile,  the  escaping 
waters,  though  greatly  reduced,  might  still  be  able  to  maintain  a  tan- 
nel  under  the  glacier,  which,  though  it  might  be  correspondingly  re- 
duced  by  theeucroachuieut  of  the  ice,  would  again  Ije  enlarge^  by  the. 
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lowerful  ourreiit  forced  through  it  when  the  ice-gorge  weakened  or 
ifted. 

It  appears  far  from  clear,  therefore,  that  the  existence  of  a  perma- 
lent  ice-dam  was  a  necessary  or  even  probable  consequence  of  the  slight 
orossing  of  the  gorge  by  the  glacier.  Teui[>orary  and  partial  blocking 
'.  should  deem  an  extremely  probable  and  frequent  occurrence,  but  not 
k  permanent  damming. 

1  am  perhaps  influenced  in  this  view  by  a  study  of  another  region 
vhere  the  similar  question  of  glacial  dammmg  has  arisen.  I  refer  to 
ihe  driftless  area  of  the  upper  Mississippi,  which  is  surrounded  on  all 
tides  by  a  deep  sheet  of  drift.  On  the  south,  along  the  Mississippi, 
rhich  was  its  drainage  outlet,  the  country  is* occupied  by  drift  for  250 
niles ;  not  merely  a  sprinkling  of  dispersed  bowlders  with  exceptional 
patches  of  till,  as  in  the  trans-Ohio  region,  but  a  general  mantle  of 
MfL  The  driftless  area  has  been  diligently  searched  for  evidence  of 
temporary  as  well  as  permanent  submersion.  Along  the  western  border 
there  are  scattered  erratics  and  a  mantle  of  loess,  but  over  the  central 
uul  eastern  portions  erratics  are  absent,  except  in  extremely  rare  in- 
stances  of  probably  human  transportation.  There  is  a  very  thin  discon- 
fcinuons  distribution  of  fine  silt  mingled  with  the  residuary  soil  and  only 
distingaishable  fr*om  it  in  most  cases  by  the  microscoi>ic  detection  of 
minute  particles  of  crystalline  silicates  and  other  minerals  which  are 
oommon  to  the  drift  and  loess  but  not  known  to  occur  in  the  purely 
residuary  soil.  These  foreign  particles  may,  perchance,  be  wind-drift 
importations,  or  they  may  be  the  results  of  transient  submersion ;  such 
a  sabmersion  as  was  possibly  due  to  the  temporary  blocking  of  the 
outlet  by  ice.  The  distribution  of  the  loess,  however,  does  not  form  an 
argument  for  this  view,  for  it  spreads  over  the  drift  southward,  reaching 
entirely  across  the  glaciated  tract.  Whatever  may  be  the  truth  respect- 
ing these  trivial  silt  deposits,  there  has  been  found  no  proof  of  general 
and  permanent  submersion  of  this  region  by  ice-damming,  notwithstand- 
ing the  conditions  seem  to  have  been  exceptionally  favorable  therefor, 
and  notwithstanding  the  further  fact  that  the  depth  of  water  requisite 
for  the  submersion  of  most  of  the  area  is  less  than  that  postulated  for 
the  supposed  Oincinnati  dam. 

Bat  these  theoretical  considerations  are  less  to  our  present  purpose 
than  a  consideration  of  the  direct  evidences  of  the  existence  or  uonex- 
iatenoe  of  an  eflective  blockade  of  the  river  at  that  iK>int.  Anions  the 
crueial  tests  of  such  a  hypothesis  may  be  enumerated  the  existence  of 
hieustrine  deposits  and  high  shore-marks  in  the  valley  above,  but  not 
iebto.  In  an  ideal  case  such  lacustrine  deposits  and  shore-mai*ks  should 
be  present  immediately  above  the  dam,  but  not  present  within  the  area 
<Ki(mpied  by  the  dam  nor  immediately  below.  Ternices  and  supposed 
lacustrine  deposits  two  or  three  hundred  miles  above  are  less  conclusive, 
beeaose  of  the  possibility  of  intervening  agencies. 

A  second  crucial  test  of  the  hypothesis  is  to  be  found  in  the  existence  or 
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DOD-tixieteacc  of  the  abandoQud  cbauuel  through  which  the  uuiiiiomkI 
poudeil  waters  dii^charged  theiutHjlves.  It  iiiu»t  be  quiteevident,  u|)ud 
consideration,  that  the  pouded  waters  uotild  uot  baYc  had  a  )>ennaiitut 
outlet  acroHt)  the  ice  itHolf,  for  Huch  a  stream  its  the  Ohio,  fed  dimng  th« 
suiiiiiierHoasoii  with  relatively  wai-iu  watuiti  from  the  eoutherti  half  of 
its  lai'go  ba^in,  mudt  quickly  have  cut  a  cbauuel  through  tho  barrier. 
As  yet  no  sueb  outlet  has  boon  found,  or,  at  least,  deterwiued  to  be 
such,  am]  the  hyputbe«i»  lacks  this  very  imiiortauL  support. 

These  uiDsideratious  lead  up  to  the  much  discussed  turracc;^  of  tbe 
upper  Ohio,  Monougahela,  aud  Alleghany  vallejs,  which  liuve  bueii 
thought  by  Professors  Wright,  White,  and  Lesley  to  have  bad  their 
eausu  ia  tbe  supposed  ice-dam,  aud  in  turn  to  alfortl  evideuce  of  iU 
existence.  As  a  widely  different  interpretation  of  the  origin  of  tlie 
chief  terraces  of  these  streams  seems  to  me  required,  it  ia  the  pari  of 
candor  to  epeciflciilly  set  forth  this  divergence  of  view  in  traiujiuit- 
ting  this  bulletiu  to  the  scieutilio  i)ublic. 

I  look  upou  the  determination  of  the  origiu  of  these  terraces  tu 
ctiieHy  a  (picstion  of  ideutilication  of  structural  species,  quite  auuloguiu 
to  tbe  idontibcatiou  of  species  of  plants  aud  auimals.  Terraces  formed 
by  bodies  of  staudiug  water  are  specifically  differeut  from  those  foruivd 
by  flowing  water,  aud  the  question  here  is,  Have  tbe«e  terraces  the  in- 
herent characters  of  lake  and  aea  terraces  or  those  of  river  terxawef 
Tlie  followiug  are  among  the  specific  differences  which  should  enable 
us  to  distniguish  the  claws  to  which  r.hey  belong.  They  are  drawn  '  .. . 
special  reference  to  terraces  in  a  system  of  branching',  uanow  valleys,  1 
an  in  the  case  in  hand.  They  would  require  some  umxtlihcatious  aud 
qnaliflcatious  for  a  dili'erent  habitat. 

Lacustrine  terraces  arc  horizontal,  while  fluvial  terraces  slope  in  the  di- 
rection of  tite  riper  Jlow.  In  tbe  case  of  teiTiices  formed  by  rivers  that 
have  nearly  reached  their  base  plains  the  slope  is  obviously  slight,  bat 
the  basis  for  discrimination  still  remains.  The  interventiou  of  crast 
movemeuts  may  obscure,  but  can  scarcely  obliterate,  the  distinctioB, 
for  in  a  system  of  tortuous  and  branched  valleys,  as  in  the  pieaent 
case,  tbe  system  bears  iu  itself  the  data  for  the  elimluatioQ  of  the  dis- 
tortion. 

Limiting  attention  for  tbe  moment  to  constructive  terraces,  it  is  tbe 
rule  that  laeustriue  terraces  are  built  throughout  tbe  entire  circuit  <rf 
the  lake,  while  Uuvial  terraees  are  built  only  in  favoring  lodgment  spots, 
as  the  concave  bonds  of  the  meandering  stream.  The  tendency  in  the 
one  is  to  uuiforuity  of  distribution ;  in  the  other  to  local  aggregation, 
liolh  tendencies  are  subject  to  important  modifications,  but  these  modi- 
ticatious  are  likewise  distinctive.  Tbe  two  more  important  modifica- 
tions are  caused  by  (1)  the  difference  in  tbe  extent  of  the  sweep  of  tho 
waves,  and  (2)  by  tbe  material  brought  in  by  tribataries. 

(1)  Other  tbiugK  being  equal,  lacustrine  terraces  (whether  wave-oat 
terraces  or  wave-built  tcixaccsj  arc  greatest  oi'posito  tbe  longest  sweep 
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^tbe  waves,  and,  the  sweep  bein^  equal,  are  greatest  opposite  the  sweep 
'  predomiuant  winds.  The  strength  of  development  of  lacastrine  ter- 
ices  corresponds,  therefore,  to  the  stretch  of  water  opposite  to  them 
id  to  their  relation  to  prevailing  winds.  In  river  terraces  wind  action 
overshadowed  by  other  agencies,  and  the  above  correspondences  are 
anting.  The  more  extensive  the  series  of  terraces  and  the  more  va- 
ed  their  positions  relative  to  the  extent  of  water  snrface  and  to  the 
irection  of  winds  the  more  pronounced  these  distinctions. 

(2)  Tributary  streams  and  ravines,  by  pouring  in  detritus,  form  local 
ilargements  of  the  terrac^es  of  lakes,  and  nsually  also  of  rivers,  but 
le  special  disposal  of  the  material  is  different  in  the  two  case«.  In  a 
ke  a  delta  terrace  is  formed  symmetrically  about  the  entrance  of  the 
ibatary — subject  to  the  accidents  of  the  situation — the  material  fau- 
ing  oat  equally  to  the  right  and  to  the  left  and  being  thrust  out  in 
ont  into  the  lake  by  the  force  of  the  entering  stream.  In  a  river  the 
aterial  thrown  in  by  a  tributary  is  carried  down  streiim  and  may  be 
itirely  borne  away.  In  any  active  river  the  formation  of  the  delta  is 
lecked  on  the  upper  and  front  sides  and  its  growth  directed  down 
ifeam  in  a  more  or  less  bar-like  fashion. 

(3)  In  the  lacustrine  class,  the  wave-cut  terrace,  the  sea  cliff,  and  the 
rave-built  terrace  are  situated  together,  the  material  for  building  the 
ifit  being  derived  from  the  erosion  of  the  others.  On  the  other  hand, 
he  river- cut  cliff'  is  usually  at  the  convexity  of  the  river  bend  or  at  least 
it  some  point  where  it  impinges  on  the  adjacent  highland;  while  the 
xvrrelative  river-built  terrace  is  in  the  concavity  of  the  bend  below,  or 
It  least  in  some  suitable  lodgment  spot,  invariably  down  stream. 

(4)  The  material  of  lake  terraces  is  usually  different  from  that  of 
ri?er  terraces.  In  narrow  land-locked  lakes  very  little  attrition  of 
Aore  material  is  possible,  and  the  terraces  either  consist  of  line  ma- 
terial or  of  little- worn  rock  fragments.  Moreover,  the  little  wearing  ob- 
served  is  of  the  beach  order  rather  than  that  of  stream-rolling,  ^n  the 
ether  hand,  the  material  of  river  terrace43  is  stream-rolled  and  current- 
aiiorted  alluvium.  This  distinction  fades  out  in  proportion  as  the  river, 
by  the  slackness  of  its  stream,  approaches  stagnant,  lake-like  conditions. 

The  foregoing  statements  have  reference  to  temiwrary  lakes  occupy- 
ing river  valleys  for  a  limited  time,  and  so  merely  developing  terraces 
•long  their  slopes,  but  not  filling  up  their  beds.  If  the  entire  bed  was 
Uled  up,  and  the  terraces,  instead  of  being  formed  directly  by  the  lake 
^  stream,  were  carve<l  out  by  subsequent  erosion  and  the  question  be- 
comes one  of  deposition  and  marginal  erosion,  and  not  of  terrace  for- 
iDfttion,  some  of  the  above  criteria  become  inapplicable  while  others 
gain  in  force.  Theevidence  from  cliffs  and  rock  shelves  becomes  stronger 
liecaase  in  the  longer  lapse  of  time  involved  the  differences  between 
the  laws  of  lake-cliff  form  at  ion  and  of  river-cliff  formation  more  fully 
pressed  themselves. 

So,  also,  the  distinction  of  material  becomes  more  pronounced ;  for  as 
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tbft  fining;  of  a  l»kn  progrc^Hen  It  n-t  iics  from  tlie  bnrderJng  slnpei*  iinil 
ifMiInten  itself  in  its  uwn  d«-t»<sit!s,  ini»l  tbe  matennl  Vieconii'K  inoriMiiid 
more  ilistiuctive  and  more  lully  liSHumoH  the  lacustriuA  i>)i(i««  of  oKsort 
iiitiiit  iiiitl  lacastriue  biibit  of  ttLrntiiioatiou  aud  ttins  (liatitiguiabes  itwlt 
fVoiii  lluvini  deposits. 

Tbese  Btat«i>ietita  of  criteria  lack  both  in  fullQesH  and  in  <)iiaiilication. 
Tbe  diittiuctioiis  will  not  alwajR  be  Hnntained  In  a  rigid  applicAtion,  an- 
dor  all  conditions  aud  in  every  local  instance.  Absolute  and  iuvariable 
dii«tin(itiou»  will  not  be  espectcd  by  experienced  HtudentK  of  uutiirft 
Uiit  tlie^e  criteria  bold  goud  in  the  main,  and  in  tbe  pn-sent  iniitiuice 
tliey  are  regarded  as  entirely  decisive. 

TERRACES  OP  THE  UPPER  OHIO  RIVER  DISTRICT. 

With  a  view  to  i^ome  preliminary  dtit«rminatioUR  baving  bMiringi 
niMin  tlic  crUNt  elianges,  time  relations,  and  drainage  conditions  of  Ut*r 
Tertiary  and  of  <inaternary  timcw,  Mr.  G,  K.  Gilbert  aud  myself  <*(*nE 
twenty  days  in  tbe  fall  of  1SS5  in  a. joint  recontiaisaano©  of  tbe  turniwa 
and  r«latc4l  phenomena  of  the  Monongahela,  Alleghany,  Upper  Obtu,  unit 
tributary  valleys.  Mr.  Gilbert,  aa  geologist  in  charge  of  tbe  Appalii- 
cliian  division  of  the  snrvey,  a]>{iroaclied  the  subject  in  search  of  li(;bl 
upon  tbe  former  attitndea  of  tbe  surface  and  possible  orographie 
cliaiiges,  aud  brought  to  the  study  a  large  experience  and  an  ackriovl- 
edged  acumen  in  the  analysis  and  interpretation  of  fluvial  and  laciislrii* 
jihenoinena.  My  own  approach  was  from  the  glacial  side.  Onr  iDpne- 
sions  throughout  were  in  the  closest  harmony,  and  I  have  Mr,  Gilbert'* 
assent  to  the  views  invoIre<l  in  the  folIowiTig  statements : 

Tbe  terraces  of  tbe  np)>er  Ohio  Uiver  district  embrace  fire  olaBsett 
%iz: 

1.  The  high  horizontal  benches  of  St«veu8on. 

2.  Tlie  upper  river  terracos. 
^.  The  lower  river  terraces. 

4.  The  .slender  horizont'al  terraces, 
.n,  Tbe  structural  or  difl'ereutial  degradation  terraces. 
Discussion  biis  previonaly  related  chielly  to  tbe  second  class. 

I.  THE   HIGH   HORIZONTAL  TEKRACKB. 

These,  so  far  as  I  am  aware,  were  first  descriVted  by  Prof.  J.  J.  8tfr 
venson,  from  the  ri?Bnm6  of  whose  observations '  the  following  quo* 
tiona  are  taken : 

Looking  now  nt.  tho  obgnrvatiouB  recorilwl  in  the  roregoiuK  part  of  thi»  pipWi "' 
aee  tliat,  althoiigb  very  fragnieutary,  tbej  Bbow  the  oliateui-e  of  two  seta  orlie'i';'"^ 
iu  oiioof  wLioli,  tlio  liigher,  Uie  imiividnnls  Lave  an  aim  out  iin  vary  iug  level,  wliorW* 

'  Proo,  Am. PhiloB. Soo,,  vol.  IS,  1890,  p.  302,  :!03.  Alao  Secoud  Geol.  Survey, PtniiS^ 
vanin,  KKK  (Report  of  pro(i;ri'»s  in  tlie  Fayette  ami  Westmoreland  diatrEfit,  W 
I!,  the  Ligouier  Vallry},  1878,  p.  'i'W. 
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*  or  lower  set  the  members  have  uo  cletinite  altitncle  with  respect  to  tide, 
icfa,  as  do  the  beds  of  the  streams  aloug  wliich  they  are  found.  Arranged 
brm  we  have,  first,  the  benches  of  the  higher  series : 

Feet  above  tide. 

k  Ridge,Seaton  Road 2,580 

t  Ridge,  National  Road 2,400 

3h  of  Somerset  Connty 2,323 

»enoh  of  Somerset  County 2,288 

bench  of  Somerset  County 2,123 

ear  Confluence 1,820 

Dch  near  Loyalhanna 1,690 

ich  near  Loyalhanna 1,570 

lench  near  Loyalhanna 1,520 

enoh  near  Loyalhanna,  also  at  Hillsborough  and  Beallsville 1,475 

.1  Road,  Washington  County 1,445 

.1  Road,  Washington  County 1,420 

Loyalhanna  bench,  also  National  Road  near  Beallsville  and  Hills- 

gh 1,380 

.1  Road  east  from  Brownsville 1,350 

•eoch  of  Stewartstown  series 1,290 

tdiate  bench,  Dunbar  Creek,  Possini  Creek,  Greensburgh 1, 270 

•ench  of  Stewartstown  series.  First  Loyalhanna  bench 1, 225  to  1, 240 

bench  of  Stewartstown  series. 1,  ItfS 

I  bench  of  Stewartstown  series 1,130 

euch  of  Stewartstown  series 1,100 

ktion  of  low  water  at  Pittsburgh,  as  used  by  the  city  surveyor's  office,  is  G99 
mean  tide.     *     •    ♦ 

ktions  in  level  exhibited  in  individual  benches  of  this  series  are  so  slight 

lay  be  due  either  to  petty  variations  of  the  barometer,  or  to  errors  in  read- 

>  the  fact  that,  in  every  case,  the  highest  point  on  the  bench  was  sought, 

ermine  the  top  of  the  detrital  deposit.     As  that  deposit,  though  very  thin, 

.  more  or  less  from  erosion,  one  could  not,  oven  with  perfect  instruments, 

'ies  of  measurements  which  would  tally  accurately.    The  extreme  of  vari- 

in  No.  17,  where  two  benches  are  confounded,  is  scarcely  18  feet,  so  that 

J  justified  in  regarding  the  benches  as  practically  horizontal  and  parallel. 

>sit  on  these  branches  sometimes  contains  a  little  clay,  bat  sand  greatly 

«s.     No  rolled  or  polished  fraguients  of  stone  occur,  and  such  fragments  as 

belong  altogether  to  rocks  found  in  the  immediate  vicinity.    Nothing 

mnning  water  had  ever  passed  over  those  plains,  so  that  if  the  water 

tion  its  effects  must  have  been  confined  within  a  limited  space. 

portions  of  these  terraces  were  examined  by  Mr.  Gilbert  and 
at  not  with  sufficient  detail  nor  over  a  sufficient  extent  of 
►justify  us  in  publishing  any  opinion  regardingthem,  especially 
\  not  concern  us  here ;  for,  if  I  have  not  altogether  misander- 
advocates  of  the  Cincinnati  ice-dam,  this  series  of  terraces  is 
led  among  those  ascribed  to  that  agency — indeed,  this  series 
[  think,  even  been  alluded  to  in  the  papers  on  that  subject, 
stly  there  are  insuperable  objections  to  such  reference,  for, 
it  place,  the  lowest  of  these  is  higher  than  the  summit  of  the 
dam,  and,  in  the  second  place,  the  vertical  range  of  the  series 
eice  that  of  the  ice  obstruction.    A  series  of  terraces  reaching 
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from  1.100  feet  to  3.580  feflt  nltovp  title  could  not  rationally  be  nfcmA 
to  an  ice-dam  raiiKinfr  from  440  fwt  (low  wttlcr  in  tlie  Ohio  at  Cindn- 
uati)  to  950  or  l.(MM)  feet  aboT(^  tide.  A  dam  of  MO  feet  would  twiircely 
mako  a  mrleii  of  ternu-^^  liavin<;  a  vertiral  ratigp  of  1,430  feet. 

n.  THK   HIGIIKK  EIVKE   TEERACKa. 

Tliese  harp  been  descrilted  and  diacusfied,  either  locally  or  arutlly, 
b.v  Prof.  J.  J,  SteveiiRoii,'  Prof.  J.  O.  Wliite,'  Prof.  .7.  P.  Irfitlcy,'  Mr. 
H.  Martyu  Oliance  •  and  Prof.  O.  F.  Wright.'  Tlio  whole  Bysteui  bs 
iiot  yet,  however,  bei^n  thoroughly  examined,  and  a  uompluto  and  <.'ii- 
tirely  »aIii<ifHCfj>ry  diacnsnioii  in  not  yet  possible,  btit  the  leading  feat- 
ure»  are  deterniinablR.  Tlie  term  "  river  terraces  "  was  applie<l  t«  thfse 
liy  Profe-sMor  Sb-vennon,  and  indicates  the  int:erpi'etatiou  wliicli  lie 
placed  upon  tbeui.  A  similar  view  wax  evidently  entertained  b.v  Mr. 
Chance  for  ibe  ]>ortiou  which  he  ha4«  dcwiribed.  In  this  view  vei\1w 
concur,  and  lienoo  retain  the  name.  It  (teemn  necesnary,  however,  to 
distingniHli  tliexe  from  a  lower  Aeries  of  river  terraces  of  separate  uripu 
H»il  history.  Among  the  diNiinguiobiug  charActeristicH  of  the  hi^r 
river  terraces  are  the  following: 

(1)  'i'licg  »lope  ttnth  ikf  prenent  tlreama. — This  teiidenoy  ia  well  ei- 
preaBe<l  by  Stevenson : 

ThorivertnrraooHfnllitnwn  RtnMiinnnil  arc  covered  by  irmguIarlybodtlMlMUtd.cbi;, 
nrKravu],  ooulniiilDgtmuBporteil  rritciiieiit",  wLiiili  liBTsbuoii  r<>iiuilwl)>5  tliewtinnuf 
ranaiuK  water.  Wben  fotluwed  up  ttie  atToaiusUiMeterTaoaiiBliowilifliueDMVtUiiotf 
tlieniFH>lvo8  in  deK^(^eof  elope,  so  tlint  hilcIi  id  uitir^eil  sncooHnivoly  into  tbn  noxtbiglii'r 
until  tliut  wbichut  l.ho  mouth  of  tliOMtri'ain  ia  the  rivnr  "buttnm"  bocnmra  tbvonlj 
temc<i,  anil  ia  lostut  laat  in  nae  of  tbn  iower  bori7.nutii1  bouches." 

In  the  following  table  an  attempt  has  been  made  to  collect  all  obwr 
vations  at  command  relative  to  the  chief  upper  ternuio  of  this  seriefiou 
tbe  Mouonirahela  River,  and  also  the  up)iermoflt  limit  of  pehbl««,>U 
these  constitute  tbe  most  trustworthy  and  significant  data : 

>  Secoml  Ueol.  Siirvny  Punusylvaiiia,  K,  Green  iiiiil  WiuiblUKtoii  Iliat,  1676,  p|^  'i' 
19;  KKK  (Ligonier  Valley),  1H7F!,  i>|..' a,'il--:iftlj  Vmc.  Am.  f'hilos.  Soc.,  Phil».,"^ 
18, 1880,  i>p.  '.led-.llG ;  Aiu.  Jour.  Ijci.,  %l  t^rirn,  vol.  15,  lififi,  pp.  ^4^350. 

^Second  Gw.l.  Survey  Pennsylvania,  Q,  Ifeaver  Kiver  Dist.,  1878,  pp.  {HC  al*. 
QQ,  I87S,  p.  10-12;  Proc.  Am.  Amoc.  Adv.  S«i.,  tbirty-iieconit  <HiDneapDlli)  uwl- 
inj;.  l^^,  pp.  iilS.  i!13,  nod  Scieoce,  vol  2,  10^3,  pp.  319,  HiO. 

'Second  r.eol.  Sorvey  Pounnylvania,  Q,  1879,  pp.  ixiv,  ill. 

^Second  Gcol.  Surrey  PennMylvania,  VV,  Clarion  Conuty,  19**),  pp.  17-31. 

^Boston  8oc.  Nat.  Hii>t.,  1«>C  j  Am,  Nntnmllst,  vol.  lA,  irt^sl :  Am,  Jour,  8oi. 

''Steveuton :  Proc.  Am.  PliiloH.  Soc,  vol.  l«,  1880,  p.  ;tI4. 
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obaerrationt  on  the  upper  pehble-hearing  ierraceft  and  upper  ohaerred  limit  of 
pebblee  on  the  Monongahela  Hirers  given  in  descending  order. 


LocjUity. 


town.W.Va 

1  StatA  lino  and  Geor^en  Creek . 

(oroagh 

>f  Moddy  Creek 

laels  (abandoDed  cbuiinel) 

in  ran 

nlle  (2  miles  above) 

iia  (1  mile  above  villa<!e) 

e  Wood's  run  (Hlopiug  rtbonlder) 

vtown 

City  (btckof) 

Dt  Fayette  City  and  Belle  Vernon 

doned  channel — oxbow). 

le  back  of  Belle  Vernon  (aban- 

channel). 

e  Belle  Vernon 

omon 

;abela  Cemetery 

lisabeth 

iport 


Upper 

pHiblc-lM'nring 

UrriuMj. 


Abiive    Altove 
rivtiT.  ;    tide. 


Fret. 
275 

280  : 

275  ! 
2C0  ! 
250  : 
300 

2no 

180 


Feftt. 
1,005 

1,055 

1,050 

1.025 

1.015 

1,063 

070 

020 


180 

020 

180 

920 

180 

920 

200 

940 

195 

935 

180 

940 

180 

940 

190 

920 

185 

905 

190 

910 

Upper 

obsorved  limit 

of  p»»bbleH. 


Al>ove 
river. 


Above 
tide. 


Feet. 

Feft. 

250 

990 

215 

055 

200 

040 

195 

935 

200 

940 

220 

9G0 

185 

045 

200 

930 

210 

930 

205 

925 

Observer. 


I.C.White. 
J.J.  Stevenson. 

Do. 

Do. 
White. 
SteveuRon. 
Chamberlio. 
Gilbert. 

(Mlbcrt  and  Cham- 
lierlin. 

Do. 

Do. 

Do. 

Chamberlin. 

Gilbert 
Stevenson. 
Gilbert  and  Cham- 
berlin. 

Do. 

Bo. 


prouping  of  the  terraces  in  this  way  is  not  intended  as  a  mode 
tion  that  they  form  a  single  simple  series.  Under  the  view  that 
)  river  terraces  it  is  by  no  means  necessary  to  suppose  that  they 
5tly  equivalent  to  one  another.  On  the  contrary,  it  is  rather  the 
streams  to  form  difi'erent  sets  of  terraces  along  their  course  as 
It  of  the  unequal  resistiince  of  the  strata,  of  the  modifying  effects 
fcaries,  and  of  other  agencies  which  effect  unequally  the  progres- 
opening  of  the  river  bed.  The  observations  in  the  Monongahela 
ever,  seem  to  show  with  some  degree  of  force  that  there  is  a 
equivalence  and  that  tlie  whole  series  declines,  and  this  is  ]>re- 
i  representative  of  a  declining  limit  of  action  on  the  part  of  the 
ng  agency.  It  is  not,  of  course,  insisted  that  the  observations 
er  exhaustive  or  that  the  altitudes  are  strictly  jiccnrate,  all  being 
trie  determinations. 

tributaries  of  the  Monongahela  River  bear  terraces  which  are 
int,  but  concerning  which  the  data  are  more  limited.  The  more 
3le  of  the  observations  of  Profs.  Stevenson  and  White  are  here 
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Gcspecting  GP<""Sfs  Creek,  wbieli  enters  the  Monongnliela  Itivera 
few  miles  uortli  of  the  West  Virginin  line,  Prof.  Sleveiiaon  says;' 

Along  tbiit  stream  tbo  tliird  luid  fiftli  hetiribps  of  tlic  Stun'.irUtntva  BOTieB  ore  peniil' 
ent,  but  riM  no  that  M  Sinitbrielil  the  lifUi  in  -JM  axui  thu  thinl  3U0  fcot  nbnve  tl» 
river  »t  the  inutith  of  the  creek.     •     •     - 

Between  Sinitlirinld  mid  Uuiontciwn  the  tlilrd,  Shb,  and  eixth  benches  arci  aern  In  W 
peniHtent  along  tbe  eiuit  aide  of  Dtnab  Ridge,  which  luarka  the  ooursc  of  Ibe  8all>- 
burg  axia.  But  iu  ascendiug  the  creek,  the  lifih  has  sbown  a  rouitant  incrcMf  iti 
elev.ttiou,  no  that  an  tUu  diviiln  bntwerii  Gisnri;!'^  and  Reddtntie  Crot<kH  U  iii>|iTonrbnt, 
that  bunch  takes  tbe  [ilaue  nf  the  Biith,  and  finally  heconiraiucrKo<1  iaUi  tbBMVmth. 

Of  the  benches  ou  the  Yonghiopheny  River  the  Rame  writer  saj'n:' 

At  McKeeNport  tbe  river  "  bottom  "  i«  Tiifi  feet  above  tide  ;  frotu  that  [loinl  it  ii  con- 
tlnnoiiit  to  Couuellsvillc,  at  tbe  mouth  of  tbe  Cbtuitiint  Ridge  Gap,  «h«re  it  Is  BM  fMl 
above  tide,  ,  1 

OppoaiteCDnnellBvilleafino bench  isseenut baro1y200feetabove thestreaiD,  irbtch 
IB  covered  by  a  thick  coat  afdribrla  crmtaiiiiiiKmaiiy  huge  fragments,  all  nf  thembaT- 
ing  rounded  surfacea.  The  same  bench  uocnts  iit  Ppn7r>poli«,  whor«  at  one  time  wud 
waa  obtained  for  gloai-making. 

Thin  terrace  riaei  mncb  nioro  Blowly  than  tbe  river  bed  almve  ConnnUHVlIlc,  for  at 
Ohiopyle  Falls  it  is  barely  140  ftet  al>ove  the  river.  Wbilo  this  iKitudi  wm  tbe  bnd 
tba  river  Uowed  directly  across  tbu  neck  of  tbn  peniiixula  at  the  falls. 

The  railway  elevatioD  ofObiopyle  is  given  as  1,237  feet  above  the 
oceau,  l)Ut  what  is  the  relationship  of  this  to  the  rivpr  or  to  the  terrace 
is  unknowTi  to  me.     The  terraee  at  Connellsvillo  is  1,0C6  feet,  while  tfaB  | 
upper  limit  of  pelililes  at  the  unnitli  of  Ihe  Allephany  is  92.5  feet  high, 
showing  a  very  notable  fall  downstream. 

Prof,  I.  0.  White  makes  the  following  statement  respecting  some  of 
the  npper  tributaries  of  the  Monongahela  River,  which  seeniH  to  conflict 
with  the  general  tenor  of  tlie  above  data,  and  which  will  be  referred  to 
in  another  connection: ' 

The  other  triliiitarieH  of  the  Mononftahela  on  which  Ihe  writer  has  noticed  clay  aud 
other  ilepoHits  of  tbo  fiftb  terrace  are  Decker,  Diinkcr,  Wbitiily,  Mnddy,  and  Ten-Mile 
Creekx,  and  in  each  case  tbe  depnxiltt  diHappear  at  tbo  eiinie  absolnte  level  at  irbicb 
they  ceaxe  along  tbe  river. 

It  may  be  remarked,  however,  (1)  that  the  criterion  here  ob-^ierved  is 
not  rolled  jiebbles,  bnt  elay  and  other  deposiU,  making  it  nncertain 
whether  the  terraces  l)elong  to  the  system  niider  consideration  or  to  some 
other ;  and  (2)  that  these  lire  all  small  streams  contiguous  to  each  other, 
whose  terraces  might  have  appmximately  the  same  npper  limit  under 
either  the  fluviatile  or  Incnstrine  hypothesis. 

Respecting  Ohartiers  Creek,  a  stream  miming  parallel  and  contigu- 
ons  to  the  Monongahela  and  emptying  into  the  Ohio,  tbe  following 
statement  is  made : 

'  Second  GeolOBicdl  Survey,  Penosylv.itiia,  KKK,  p.  25(1. 

'  Ibid.,  p.  ar>9. 

^  Pa|>er  read  before  tbe  American  AsRociation  fur  the  Advancement  of  Science,  Hin- 
neapoliH,  1833. 
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continaons  along  Charticrs  Creek  from  Cook's  atation  to  Bridgeville,  and 
rafton  station  stands,  shows  tho  following  slope  of  its  level : 

Feet: 

ton  terrace,  above  oreek  at  Cook's  station 25 

terrace,  above  creek  at  Bridgeville 75 

iou  terrace,  above  Creek  at  Bridgeville 205 

krtiors  Creek  itself 180 

terrace  level  itself 130 

nrs  tbat  no  one  of  these  terraces  is  by  any  means  on  a  dead  level.    These 
Galley  terraces  continue  to  its  head,  and  contain  limestone  drift  from  the 

xinr's  Rnn  [a  parallel  stream  running  northerly  and  emptying  into  the 
milar  terrace  is  seen,  which  is  even  more  marked  than  that  on  Chartiers 
is  traceable  along  the  stream  for  several  miles  between  Findlay  and  North 
wnships  of  Alleghany  County,  and  falls  less  rapidly  than  the  bed  of  the 
fference  being  about  35  feet  in  4  miles.  It  shows  many  rolled  and  water 
aents,  even  so  far  from  the  river  as  Findlay  township.  Between  Robinson 
townships  of  the  same  county  it  is  much  interrnpted,  and  the  attempt  to 
its  relation  to  the  river  scries  was  not  altogether  successful.  It  seems  to 
ed  with  the  one  occupying  the  third  place  in  the  list  already  given.* 

g  to  the  Alleghany  River,  it  should  be  borne  in  mind  that  it 
coarse  almost  directly  opposite  to  that  of  the  Monongahela 
uiated  streams,  and  is  thus  extremely  well  situated  for  the 
of  the  present  discrimination,  for,  on  the  fluviatile  interpreta- 
terraces  must  slope  in  a  contrary  direction.  The  data  at  cora- 
)  embraced  in  the  following  table : 

aervations  on  the  upper  pebble-Jteoring  terraces  and  the  upper  observed  limit  of 
pebblefi  on  the  AUvghany  Ilirer,  tjiren  in  descending  order. 


Locality. 


Height  of 

upptir  pebble- 

beuriDj;  terrace. 


ntnl  channel  near  Parker 

netl  channel   near  Parker   (col 

show"). 

e,  on  the  Ohio,  5  railoH  beluw 

mrgli. 

own,  on  the  Ohio,  12  milo.s  below 

>ur>;h. 


Above  ,  Above 
river.       tide. 


Ffff.        Frft. 
•2;{0  ;     1,395 


295 

260 


1.390 
1.270 


250       1, 105 


250 
260 

310 


250-280   940-970 


Upper  limit  of 
pebblei*. 


A  l>ove 
river. 


fWt. 
250 


275 


1,090 
1,115 

1.  005 


Above 
tide. 


Feet. 
1,415 


1,230 


350  '    1.040    Occasional  peb- 
,  bleB. 


Observer. 


Cbamberlio. 

Do. 
Gilbert. 
Gilbert  and  Cham* 

berlin. 
U.  M.  Chance. 
Gilbert  and  Cbam- 

berlin. 
L  C.  White. 

Wright  (this  paper). 

Stevenson. 


'  Second  Geological  Survey  of  Peuusylvauia,  Q,  p.  26. 
2  Ibid.,  K,  1876,  p.  ir>. 
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Hie  two  localitieR  on  tha  Ohio  River  Imve  Iieoii  ftil'l 
gtiiiny  a«rie»  bi-cmifte  tlioy  cuutiiin  iiortliera  ilrift  pebble? 
witli  the  latter.  By  comparisoii  it  will  be  seen  that  t 
pettblc  limit  at  Warren  to  thfl  pebble-ljearing  terrace  at  TitHonte,  a  dis- 
tance of  21  niilen,  is  20  feet,  the  ileRcent  of  the  present  ntrearii  l>(>iiig  7S 
fet't.  From  Tiiliout«  to  Oil  Uity,  a  distance  of  ;t5J  miles,  the  full  is  i;!l> 
feet,  the  present  descent  being  1 13  feet.  From  Oil  Oity  to  the  upper 
pebble  limit  at  Parker,  a  distaneo  of  40J  miles,  the  fall  im  141)  feet,  the 
(leHceiit  of  presmit  stream  being  12t(  feet.  From  Parkor  to  Bellevue,  a 
distance  of  S7J  milen,  the  fall  is  125  feet,  the  present  descent  being  105 
feet. 

The  foregoing  facts,  if  they  jnstify  any  concbision  at  all,  snstAin  the 
view  that  the  terraces  of  Uie  Alleghany  Kivrr  flowing  from  the  north 
tilopu  sontbward,  while  those  of  the  Monongahi^la  tlowiog  from  the 
MOiitl)  slope  northwanl  t^want  their  liommon  axis,  the  Ohio  Eivpr,  pre- 
cisely as  the  river  terraces  do  today,  and  at  gradients  not  greatly  dif-  ' 
ferent:. 

(2)  The  material  cnppinff  the  terraces  in  tlixUnctbi  JJuvial.  lu  narrow, 
winding  laken,  snch  as  those  must  have  been  which  occnpied  these  river  ' 
valleys  if  snch  lakes  existed  at  all,  there  could  have  been  no  great  wave 
force,  and  consequently  no  considerable  coarse-nille*!  mat«>rial,  and  ftom 
the  nature  of  the  case,  such  ronnded  material  as  may  have  been  pro- 
duced must:  have  possessed  the  well-known  characteristics  which  dis- 
tinguish lacnstrine  from  tluvially  rounded  material.  But  the  capping  of 
the  MonoDgabela  terraces,  and  more  notably  that  of  the  Alleghany  ter- 
races, contain  large  quantities  of  coarse,  well-rolled,  and  I  do  not  hesi- 
tate to  say,  distinctively  river-rolled,  material  ranging  from  the  finer 
grades  up  to  bowlders  1  or  2  feet  iu  diameter,  and  occasionally  larger. 
I  mea.sured  one  IJ  by  2^  by  3  feet.  Prof.  Stevenson  records  cue  whose 
dimensions  were  1  by  2  by  4  feet.  Both  of  these  were  on  the  Monon- 
gahela  terraces,  where  the  average  coarseness  is  less  than  that  of  the 
Alleghany  terraces.  It  is  true  that  associated  with  this  coarser  rolled 
material  there  is  much  that  is  finer  »nd  indistinguishable  from  lacnstrine 
material,  but  that  is  usually  true  of  fluvial  deposits.  Such  fine  material 
may  be  said  to  be  an  inevitable  element  of  alluvial  deposits  of  low  slope, 
since  portions  of  the  river  Hood  must  necessarily  Ik>  relatively  stagnant. 
In  the  deiiosits  of  the  great  Hoods  of  the  Oiiio  at  the  |>resent  day  a  con- 
siderable proportion  is  of  the  fine,  silty,  qnasi-Iacnstriue  character. 

There  are  also  associated  with  these  terraces  deposits  of  stony  clay, 
not  very  far  removed  in  kind  from  the  stony  clays  of  the  glacial  drift, 
save  that  the  embedded  stones  are  not  glaciated.  This  formation  is  sus- 
cei)tible  of  misinterpretation,  bnt  its  true  analogue  may  be  seen  in  the 
bauksofthe  present  Monongahela,tliroughont  the  lower  half  of  its  course. 
The  material  there  is  vei"y  largely  composed  of  a  stony  clay  concern- 
ing whose  origin  there  is  no  room  for  doubt.  The  overflows  of  the  flood 
season  bear  ont  upon  the  submerged  flats  chiefly  silt,  bat  ice,  atnmps 
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»f  trees,  and  other  baoyant  material  bear  occasional  Btones^  which  are 
lepobited  with  the  accamulatiug  hne  material,  forming  a  stony  clay  or 
oam.  This  is  not  at  all  an  unusual  or  phenomenal  deposit,  but  on  the 
contrary  is  a  typical  form  of  flood  deposit  in  streams  of  low  gradient, 
specially  in  the  higher  latitudes,  where  the  aid  of  river  ice  is  annually 
ifforded. 

(3)  These  terraces  are  rock  platforms.  The  chief  terraces  are  rock-cat, 
lud,  as  stated  by  Stevenson — 

At  every  locality  where  au  ozposare  occiirH  it  was  seen  that  the  ternice  is  ninrely  a 
ihelf  worn  oat  of  the  stratified  rock,  on  which  the  river  has  spread  a  thin  layer  of  de- 
iritutf.  From  the  hottoiit  of  this  layer  to  the  next  shelf  helow  there  is  rocky  escarp- 
nent,  never  one  of  detritus.^ 

It  would  be  a  misinterpretation  to  infer  from  this  language  that  there 
ire  continuous  rock  shelves  cut  along  the  whole  face  of  the  bluff;  they 
ire  precisely  the  opposite  of  this,  being  broad  platforms  of  rock  at  cer- 
tain points  and  entirely  absent  at  others.  These  platforms  are  not  in- 
frequently from  a  quarter  to  a  half  mile  or  more  in  width.  To  have  cut 
rhese  back  by  the  simple  wave  action  of  a  narrow,  landlocked,  hill-shel- 
lered  lake  would  have  required  a  lapse  of  time  which  I  must  leave  the 
reader  to  estimate  for  himself.  To  my  own  mind,  such  a  work  under 
the  conditions  of  this  case  is  simply  imi>ossible,  since  the  excavated 
material,  together  with  the  concurrent  inwash  from  the  surrounding 
Qonutry,  must  have  completely  silted  the  lake  up  before  such  an  amount 
Df  erosion,  or  anything  approximate  to  it,  could  have  taken  place. 

(4)  TIte  form,  and  distribution  of  the  terraces  is  of  the  fluvialj  7wt 
kcustrincj  order.  The  distinction  between  lacustrine  and  fluvial  ter- 
races in  respect  to  form  and  distribution  was  indicated  in  the  statement 
of  general  criteria.  In  the  last  paragraph  this  feature  was  incidentally 
touched  upon.  The  rock  shelves,  instead  of  lining  the  hillsides  through- 
Dut,  and  being  broader  opposite  the  longer  and  more  forceful  sweep  of 
iraves,  as  they  should  have  been  had  they  been  produced  by  a  tempo- 
rary lake,  usually  have  their  greatest  development  in  bends  of  the 
itream,  or  in  similar  dynamic  situations,  where  they  have  escaped  sub- 
lequent  erosion.  It  appears  to  us  perfectly  clear  from  an  inspection  of 
he  ground  that  the  chief  of  these  platforms  are  but  portions  of  the 
K)ttonis  of  the  ancient  river  which  were  left  in  the  subsequent  cutting 
lown  of  the  channel.  The  most  convincing  evidence  of  this  will  ap- 
lear  under  the  following  heading,  but  such  broad  platforms  as  occur  at 
irownsville,  Yorkville,  Bellevuo,  New  Brighton,  and  elsewhere,  with 
heir  rock  bases  and  their  rock  faces,  appear  to  us  to  admit  of  no  other 
nterpretation. 

(5)  Abandoned  channels — '^  oxbows.^  But  the  most  specific  evidence 
>f  this  is  found  in  the  abandoned  loops  of  the  ancient  river,  which, 
^fter  their  necks  had  been  cut  across  by  the  stream,  were  left  as  irref- 
utable evidences  of  the  status  of  the  streams  at  the  time  they  were 

*Secoud  Goolo^jical  ISurvey,  Pcuusylvauia,  K,  ltt7C,  j),  17, 


30  TUIC   GLACIAL   BOUNUAIllf.  I"i"-i.  a 

tbriued.    Ad  excellent  descrijit  ioa  of  one  of  Uk-kc,  near  Parker,  on  tlin 
Alleghany  Eiver,  has  been  given  by  Dr.  H.  M.  Cliaoce,'  as  followtc 

In  driviDg  eaxl.  from  Porker  along  tlio  rond  lewiing  lo  West  Fnsi-iloiu,  i>  Htriklii;{1; 
brood  and  open  valley  is  bbpu,  and  \a  it  n  aniaU,  aluggisb  ntraiim,  eatimty  dii>t<rujHir- 
tional«  in  size  to  tho  bruadtL  of  thu  valley. 

At  HasonitowD  tlie  wagoii-road  orosHM  thia  vallev,  which  lioni  bears  off  to  tlxt 
nurtbetut,  but  bunding  arouuil  to  Iba  eoutlmaBt  it  in  agaiu  croaacil  by  the  toad  one 
niilp  from  Weal  Freoduni. 

Lt^aviiiK  the  mam  rood  ami  fulluwiitg  tliu  valley  for  half  a  miltf  luwani  the  Kniiih- 
«Bat  *  summit  id  reaubuil,  on  tliu  suiitli  aide  of  wliioli  another  Htreum  ht<adii  auJ  Huni 
•     *     *    through  »  valley  ainiilar  tu  thii  tirat.    The  divide  lit  in  awainpy  graunil. 

At  Ferry  villa  the  north  aide  of  the  valley  iaatecp  and  tliesoulb  oide  of  mure  gi-iiU* 
cnnMiir,  but  at  Hagerstown  thu  revente  in  Been,  whUe  tbruughuut  tha  back  of  lb* 
Iwnd,  on  either  aide  uf  the  aummit,  tlie  inaide  of  the  loop  pruinDta  gnntlc  alopoa  Cuing 
tbo mora preuipitoas  rock-cuvvred  dedivitiiw  aurrouudiiiK  ibi  outer  border. 

The  aomaiit  of  this  old  vall[>y  ia  about  1,(K>0  TmI  aliove  ocean  level,  or  HHi  fwl, 
mure  or  leas,  above  low  water  in  thu  Allvjibaiiy  River  at  Parker.  It  baa  bccDent 
down  into — if  not  entirely  through— the  Hume  wood  aaudalODt^  which  oiit«roXHi  la  thu 
valley  wherever  the  aide  alupiui  are  iitu«p  etiough  to  eiiiune  it. 

The  valley  is  filled  throughiiul'  by  a  ilrponil  of  river  silt  euntaiiiiug  aamttll  jwrecnt. 
age  uf  glaaikl  drift,  evidently  reworked  and  rcdopiwitud  by  Huviatile  actiuu.  'I'bii 
ailt  ooneiatB  of  aatiil,  gravDl,  and  clay  lieda  irregularly,  tkoiieli  Lru'y  atratiUed— iIm 
couiitorpart  of  the  silt  found  along  the  i>reaeut.  channelof  the  Alleghany  Rivrr.  Tli' 
ooaraer  ]{ravel  bedi  in  which  water.woru  fragmenta  of  tho  Coal  Meaouru  aud  eon. 
t>loitmra(«  rocks  largely  predoniinale,  are  sometiniea  couaolidatod  by  a  calcamu 
OHiueut,  tbQB  beiug  oouvertiid  into  ruuout  cuuglumerat«s,  eimilar  to  tbow  odod  al 
Oil  Creek  Valley. 

A  abort  dutanco  below  HajierstDwii  the  atnam  Qnl«  throngh  the  drift  into  tbc  anb-  , 
jaoent  rockn,  through  which  its  dcaceut  ia  very  rapid  to  Ihn  Alleghauy  Eirsr  dmi 
Parker.    The  oaine  feature  is  noticeable  on  the  oppoitite  bide  of  the  loop,  where  It* 
stream  cdUj  through  the  drift  near  the  Montorcy  road-criMaiag. 

Tho  aimond-ehaped  hill  toolosad  by  thia  valley  aud  the  Alleghany  Valley  liw 
nearly  one  bnndrcd  and  lifty  feet  above  the  drill  depoait.     It  coiitaiua  the  rurrifvnu     | 
liiue-Htone  and  il«  underlying  coal-beda.  J 

A  niagDiflc«ot  view  of  both  sides  of  the  valley  and  tho  inetnrtcil  ittland  may  be"''-  , 
biined  from  the  summit  of  the  road  leading  to  West  Fremlom,  at  a  {loiut  oue-hslf  uii1«  | 
nest  from  that  Inwn. 

That  this  old  valley  was  once  part  of  the  AllegbiLuy  or  Clarion  Giver  chananl  esu 
not  be  doubted.     It  evidently  foriood  an  ohlouf-  loop  or  bond  that  was  probably  out     | 
lhroU);h  by  an  exoesKive  undorcnttiug  eruatnti  on  tho  twi»  iipposile  aides  of  the  uKk     < 
or  narrowest  part  of  the  loo]>,  just  as  tho  river  is  now  slowly  eating  ibt  way  tfarontli 
the  neck  of  Brady'a  Beud.     This  aotion  may  have  been  facilitated  by  the  ice  lidiug 
over  the  neck  of  the  lonp. 

As  won  as  the  river  found  avout  through  the  loop  the  old  ohaunel  was  abandontd; 
but  during  high  water,  and  before  the  river  had  appreciably  loworud  its  level,  tl't 
old  bend  must  have  been  a  back  channel,  with  more  sluggish  current  than  the  nV 
cut.    Under  these  couditiona  it  was  probably  filled  with  the  drift  it  now  contain*- 

But  the  prceunt  level  of  the  Alleghany  and  Clarion  Rivers  in  at  least  two  hnndT^i 
feet  beneath  bed-rock  in  the  old  channel,  and  as  the  river  is  now  flowing  en  a  Mm 
bottom  fifty  feet,  more  or  leas,  above  tbe  true  bottom  of  the  vaitey,  it  is  evident  tlut 
the  old  channel  ia  two  hundred  and  fifty  feet  alio ve  the  true  botto'ii  of  tbeAllegbsnf 
Kiver  at  Parker ;  or,  in  other  words,  the  Alleghany  River  has  eriided  a  valley  twu  hun- 
dred and  fifty  feet  deep,  and  aubaeiiuently  refilled  it  to  a  depth  of  fifty  feet  aiuce  the 
old  channel  waa  ahaiidoued  by  the  inain  stream. 

'  Second  (icologicftl  Survey,  VeuuaiUauia,  VV,  ItftfO,  pp.  17-^, 
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Aa  the  8ilt  filling  the  abandoaed  water-ciHirse  contains  8ome  glacial  drift — pebbles 
worn  from  the  Eozoic  rocks  of  Canada — it  follows  that  the  river  did  not  eutirt^ly 
abandon  this  channel  until  the  comuieuconiunt  of,  or  some  time  subsequent  to,  the 
glacial  period.  The  river,  then,  niUHt  have  accoiuplisbo<l  the  erosion  of  this  deep 
gorge  and  a  partial  rotilliug  of  it  since  the  comaicncenient  of  the  glacial  epoch,  or 
powibly  in  loss  time. 

The  observations  of  Mr.  Gilbert  and  myself  support  those  of  Mr. 
Chance  iu  all  essential  particulars.  Above  the  ancient  channel  the 
hills  rise  by  relatively  j;entle,  well  graduated  slopes,  indicative  of  pro- 
tracted erosion  of  the  whole  surrounding  country,  while  the  valleys 
below  this  horizon,  with  scarcely  an  exception,  present  steep  decUvities 
aud  often  vertical  rock  cliffs,  indicating  rapid  and  relatively  short  ero- 
sion. Iu  other  words,  the  topographic  contours  above  and  below  this 
horizon  stand  in  sharp  contrast,  and  of  themselves  indicate  diverse 
histories. 

The  similar  abandoned  channel  between  Fayette  Git^^  and  Belle  Yer- 
HOD,  on  the  Monongahela,  presents  almost  identical  characteristics.  At 
Fayette  Gity,  where  the  present  channel  diverges  from  the  ancient  one, 
a  rock  face  appears  in  the  cross-section  of  the  latter,  and  again  at  Belle 
Vernon,  where  the  old  channel  is  crossed  by  the  new,  there  are  steep 
rock  faces  on  both  sides,  showing  conclusively  that  the  old  channel  is 
rock-bottx)nied.  Besides  these  evidences,  in  themselves  conclusive,  the 
creeks  that  flow  in  the  abandoned  channel  cut  down  through  the  allu- 
vium into  the  rock  along  considerable  stretches  in  the  lower  portions 
of  their  courses.  The  bed  material  of  this  old  channel  seemed  to  us  to 
be  clearly  tluviatile,  aud  not  lacustrine.  Among  this  material  are 
rounded  masses,  one,  two,  and  even  three  or  four  feet  in  diameter. 

As  in  the  preceding  case,  from  this  old  river  bottom  the  hills  rise  by 
harmonious,  well-graduated  erosion  slopes  to  the  adjacent  summits,  200 
or  300  feet  above,  while  below  this  horizon  the  slopes  descend  with 
steep  declivities,  and  often  precipitous  faces.  The  plain  of  this  aban- 
doned channel  is  a  horizon  of  demarkation  between  long  continued 
general  erosion  above,  and  relatively  rapid  vertical  cutting  below.  The 
ox-bow  at  CarmichaePs  we  did  not  see,  but  from  the  description  of 
Profs.  White  and  Wright  there  seems  no  ground  to  doubt  that  it  is  in 
every  way  similar  in  character.    So,  also,  doubtless,  is  Teazes  Valley. 

To  us  these  are  clear  and  uneciuivocal  instances  of  abandoned  river 
valleys,  aud  their  testimony  respecting  the  origin  of  the  terrace  plains, 
of  which  they  are  the  largest  and  best  i)reserved  remnants,  is  of  the 
most  unequivocal  and  decisive  character.  The  fragmentary  terraces 
left  by  the  erosion  of  the  stream  along  its  general  course,  where  it  has 
followed  approximately  its  ancient  route,  are  but  minor  portions  of  a 
continuous  river  bottom,  or  of  a  series  of  river  bottoms,  formed  during 
the  progressive  cutting  down  of  the  rivers. 

It  seems  highly  probable  that  these  abandoned  loops  at  Garmichael's, 
Belle  Vernon,  and  Parker  are  to  be  correlated  together  and  to  be  con- 
nected with  the  broader,  more  deeply  covered  rock  terraces  that  line 
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the  Moiioiij^ahelH,  Alleghany,  and  upper  Ohio  Hivens,  for  iu  eacbof 
these  instances  there  lies  upon  the  aucieiit  I'ock  bottom  a  bed  of  fluvial 
uiaterial  raii^iii^  up  to  40  or  50  feet  in  thickness,  and  from  these  ter- 
races there  likewise  Mi)rin^  the  characteristic  carves  of  ancient  erosioD 
sweeping  over  the  uplands,  while  equally  characteristic  slopes  or  diflHi 
of  rapid  erosion  lead  down  to  the  present  river  bottoms.  The  occor* 
reiice  of  subsidiary  terraces  does  not  essentially  modify  the  truth  of 
this  generalization. 

111.— XnK  LOWER  RIVER  (OR  MORAINE-HEADED)  TEBBAGES. 

The  third  group  of  terraces  are  sharply  distinguishable  from  those 
which  have  just  been  considered,  first,  in  the  fact  that,  instead  of  being 
rock  platforms  covered  by  fiuvial  material,  they  are  made  up  bodily  of 
coarse  alluvium,  mainly  gravel.  They  have  their  chief  development  in 
the  rivers  entering  the  Ohio  from  the  north,  and  when  traced  up  they 
are  lound  to  head  on  one  of  the  moraines  of  the  later  glacial  epoch,  or 
at  least  of  a  later  glacial  epoch  following  at  a  considerable  interval 
an  earlier  one.  The  uppermost  of  these  terraces  has  for  its  sur&oe 
])Iane  the  ancient  flood  deposits  of  the  glacier-fed  streams.  The  lover 
terraces  have  been  cut  out  of  it  by  subsequent  erosion.  Near  the  nio- 
raine  this  upper  glacial  flood  surface  may  be  traced  continuously,  rising 
somewhat  rapidly  as  the  moraine  is  approached,  and  passing  gradually 
into  a  series  of  undulations  which  merge  into  the  gravelly  knobs  and 
basins,  and  thence  into  the  unassorted  hills  of  the  moraine.  This  rela- 
tionshij)  was  satislactorily  observed  by  Mr.  Gilbert  and  myself,  sepa- 
rately or  Jointly,  on  Conowango  Creek,  near  Russellburg;  on  the  Little 
IJroken  Straw,  near  Freehold;  on  the  LJig  Broken  Straw,  near  Iloru's 
Siiling;  and  on  (Jil  Creek,  near  llydetown.  On  Sugar  Creek,  Freiicli 
Creek,  and  Sandy  Creek  ))lienomena  of  similar  signiiieance  appear,  but 
they  are  less  irlear  in  their  iini>ort.  On  Beaver  River  and  Little  Beaver 
Cre(»k  analogous  features  are  more  satisfactorily  displayed. 

The  streams  of  ;;rav(»l  starting  in  these  morainic  heads  run  down 
through  the  rock  channels  cut  beh>w  the  old  river  bottom  as  above 
described.  Tli<^  surl'aees  of  these  later  glacial  gravel  streams  are  ^jeu- 
erally  much  below  that  of  the  earlier  terrace  deposits,  but  a,s  they  slope 
more  rai)idly  there  is  no  constant  dill'erence.  An  interval  of  from  lOOl'eet 
to  -00  t'eet  may  be  taken  as  representative.  These  later  glacial  gravels 
extend  below  the  present  river  beds,  reaching  depths  varying  from 40 
Icet  to  LTiO  feet  or  more,  showing  a  considerable  dei)th  of  channel  before 
this  late  lining.  Tliese  terraces  reach  tinMr  greatest  height  above  the 
present  stream,  so  far  as  observed,  at  the  Junction  of  the  Beaver  Kivor 
wilh  the  Ohio.  Then*  the  terrace  rises  11*7  leet  above  the  Ohio,  accord- 
ing to  a  lock-level  measurement  by  Mr.  Oilbert. 

Similar  moraine-heacUMl  terraces  occur  in  Ohio  on  the  Muskinguni, 
Scioto,  and  J\Lnl  iCivcrs  and  their  tributaries,  and  «eem  to  have  tliei^ 
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loivalents  in  terraces  ou  tbe  lower  stretches  of  these  rivers  andou  the 
hie  In  other  words,  there  is  a  general  system  of  deep  valley  gravels^ 
ATting  from  the  moraines  indicated  and  sweeping  down  the  valleys, 
rowing  progressively  finer  in  material.  Oat  of  these  glacial  flood 
^posits  a  system  of  terraces  has  been  cut  by  subsequent  erosion.  The 
ill  later  glacial  episodes  seem  to  have  introduced  modifying  elements, 
lit  these  are  animportant  in  this  connection. 

^Oeneral  remarks  on  the  ttco  systems  of  river  terraces. — The  time  and 
anner  of  origin  of  the  moraine-headed  terrace  plains  are  placed  be- 
)Dd  question  by  their  morainic  connections.  They  are  clearly  the 
roducts  of  the  streams  that  issued  from  the  glacier  during  the  moraine- 
arming  epoch.  The  carving  of  the  terraces  out  of  these  plains  was 
liefly  a  subsequent  work,  of  relatively  minor  importance  in  the  pres- 
It  discussion.  The  coarseness  of  the  gravels  of  this  series  indicates 
igorous  drainage,  which  in  turn  implies  an  open  valley  and  at  least 
ftir  gradient  below.  It  is  equally  evident  that  terraces  of  a  much 
igber  level  and  different  gradient  could  not  have  been  formed  at  the 
MDe  time.  Minor  side- valley  terraces  might  have  been  formed  at  flood 
ages,  but  only  to  the  height  of  the  maximum  floods,  and  these  must 
Ave  had  the  same  slope  as  the  broad  flood  plains. 
It  is  clear  that  the  upper  gravel-bearing  terraces  were  not  formed 
b  the  same  stage  as  these  moraine-appended  ones,  for  they  are  not 
oly  of  a  different  type,  being  alluvium- covered  rock  platforms,  but  they 
amd  high  above  most  of  the  morainic  heads  of  the  later  deposits  and 
tiow  much  greater  antiquity  in  the  erosion  of  their  surfaces.  For  ex- 
mple,  at  Warren  the  old  gravels  have  an  altitude  of  1415  feet  above 
oa-level,  with  a  terrace  at  1395  feet,  while  the  moraine-headed  flood 
eposits  of  the  later  epoch  at  Bussellburg,  eight  miles  upstream,  occur 
t  about  1275  feet.  On  the  Beaver  Eiver  the  moraine-headed  gravel 
tieam  has  an  elevation  of  about  830  feet,  while  along  the  valley  below 
lebbles  referred  to  the  earlier  epoch  range  from  900  to  950  feet,  and  ten 
niles  below  there  is  a  wide  rock-based  terrace  at  about  885  feet.  But 
hese  higher  gravels  contain  i)ebbles  of  granite  and  other  crystalline 
oek,  whose  presence  is  only  to  be  accounted  for  through  glacial  agen- 
ies,  and  the  explanation  of  their  origin  must  embrace  that  element. 
It  is  not  far  to  seek. 

Oatside  of  the  moraine  with  which  the  lower  series  connects  itself 
there  lies  a  tract  of  attenuated  drift,  consisting  of  scarcely  more  than 
Mttered  bowlders,^  dispersed  indiflerently  over    the  highlands  or 

*I.C.  Whil»:  Second  Gtjol.  Sarvey,  Pennsylvania,  Q,  187d,  p.  10;  QQ,  1879,  p.  9, 
«>d  QQQ,  1880,  pp,  15-17. 

T.  C.  CoADiberlin :  ''  The  bearing  of  houio  recent  determinations  ou  the  correlation 
^'e««i«)ni  and  western  moraines.''    Am.  Jonr.  Sci.,  August,  1682,  p.  96. 

H.C.  Lewis:  Second  Oeol.  Survey,  Pennsylvania,  Z,  1HH4,  pp.  45,  71,  170,  171,  177, 
^'^,  IflO,  186,  195,  200-202. 

^•F.  Wright:  The  glacial  boundary  in  Ohio,  Indi.ina,  an<l  Kentucky,  tract  No.  40, 
W«>kem  Beserve  Hist.  Soc,  1884,  pp.  227,  228. 
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gathered  in  colonics.  Di  tbe  {luHaiug  allusion  cited  liulow,  1  vxiirexsw 
doubt  wlivther  tbm  extra-mor»iuiu  drift,  wu8  nn  afiiroudagu  of  tb 
moruine  or  un  older  drift,  bero  barely  eniei-giug  (torn  beoeatb  : 
lat«r  one,  but  wliicU,  fnrtbvr  went,  extemlH  far  out  beyuud  it.  Sal: 
sequent  stadiea  over  »  wide  ext«iit  of  territory  cooviuce  me  tlia 
tbe  latter  in  tbe  tnitb.  Tbo  evidence  of  tlih,  uveu  in  western  I'euuKj'l 
vanin,  is  of  itaelf  somewhat  strong,  but  <:iiu  not  bu  discussed  at  leii^'tl 
hero- 
Mr.  J.  F.  Oarll  b(i»]ireHentetlconviudtig  evidence  that  th<}<Iraiuii£i<<i 
tbe  preHent  uptier  Allvgbnuy  BoHiii  was  towani  tbe  Erie  Baain  iu  prcglii 
cial  times,  and  tl) at  It  wns  turned  into  its  present  course  during  the  ioeiii 
VAsion.'  Mr.  Oarll  resteil  Ids  iulniirablo  discussion  with  the  cslablifli 
I  nient  of  the  geucral  {)ix>[)OHiiioii  respecting  drainage  rever8Al,  wit)i<Hil 
attempting  to  disttnguiHb  i)titn-cvn  the  episodes  of  the  invusioii.  Bnl 
the  facts  above  cited  show  ttiat  this  reversal  mtut  have  taken  plan 
much  anterior  to  the  formation  of  tbe  outer  moraine,  fur  the  tloodsol 
that  dat«  poured  down  tbrouRb  a  canyon  alrea<ly  cut  from  40  lo  10(1  fret 
below  the  present  river-bottom  with  the  result  of  partially  filling  it  willi 
glacial  gravel,  as ehowu  bylhe  following  tuble  taken  I'rouiMr.  Garlic  jRl^ 
port.  4 

Tahk  thateiiig altitude  above  acnaii  Ittil  nf  Ihr  aicienl  fioor  of  the  Alleglmns  BitiT.* 
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Combining  these  with  preceding  data,  three  Iluvial  planes  aretolw 
noted  :  (1)  tbe  rock  floor,  wliich,  lying  l,l(H>  feet  above  the  sea  »t  War- 
ren, declines  southward,  as  shown  in  the  above  table ;  (2)  the  iuohud^ 
headed  terrace  plane  which  starts  at  UusKeinmrgjeight  miles  above  War- 
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reD,  at  about  1^5  feet,  aud  apparently  about  250  feet  above  rock  bot- 
:oin,  and  likewise  declines  southward;  and  (3)  the  upper  erratio-beariug 
:errace  plane,  which ,  starting  at  Warren  at  1,395  to  1,415  feet,  and  hav- 
eg  at  Tidioate,  near  the  ancient  divide,  an  altitude  of  1,390  feet,  de- 
dines  to  1,115  feet  at  Parkers.  The  time  sequence  of  these  three  planes 
8  clear.  The  high  terraces  must  have  been  first  formed  as  shown  by 
M[r.  Chance.  The  rock  channel,  whose  bottom  represents  the  cessation 
>f  excavation,  was  eroded  after  the  high  terraces  were  formed  aud  be- 
bre  the  later  gravels  were  poured  into  it  The  moraine-attached  gravel 
slanea  were  manifestly  last  in  formation. 

The  higher  glacial  gravels  antedated  those  of  the  moraine-forming 
3poch  by  the  measure  of  the  erosion  of  the  channel  through  the  old 
Irifb  and  the  rock,  whose  mean  depth  here  is  about  300  feet,  of  which, 
perhaps,  250  feet  may  be  said  to  be  rock.  The  excavation  that  inter- 
vened between  the  two  epochs  in  other  portions  of  the  Alleghany,  Mon- 
mgahela,  and  Upper  Ohio  Valleys  is  closely  comparable  with  this. 

In  view  of  these  facts  it  seems  scarcely  less  than  proven  that  it  was 
bhe  earlier  invasion  of  ice  that  reversed  the  drainage  and  partially  filled 
bhe  valleys  with  debris,  forming  the  capping  of  glacial  gravel  that  rests 
upon  the  apper  terraces. 

As  we  read  the  history  of  events,  the  salient  features  were  as  fol- 
lows: The  erosion  of  the  valleys  proceeded  witli  relative  slowness  dur- 
ing the  stages  immediately  antedating  the  time  at  which  the  streams 
reached  the  base  plane  represented  by  the  bottoms  of  the  abandoned 
channels  on  the  Alleghany  aud  Monongahela  liivers,  and  the  degra<la- 
tioQ  of  the  surrounding  country  was  relatively  great  as  compared  with 
the  downward  cutting  of  the  streams.  This  became  more  and  more 
pronounced  until  the  streams  (in  these  portions  of  their  channels) 
reached  base  planes  of  erosion,  after  which  they  began  to  build  up  their 
bottoms  by  the  fluvial  deposits  of  which  we  now  find  remnants.  This 
proceeded  until  forty  feet  or  more  of  basal  debris  was  accumulated. 
This  building  up  of  the  bottoms  of  the  streams  while  the  degradation  of 
Hie  surrounding  country  was  still  in  slow  progress,  afforded  exception- 
iilly  favorable  conditions  for  changes  in  the  courses  of  the  streams. 
Ihe  two-fold  process  was  especially  adapted  to  bring  low  necks  within 
the  limits  of  overflow  at  flood  stages,  or  to  cause  the  disseverance  of 
narrow  necks  by  lateral  corrasion.  it  does  not  surprise  us,  therefore, 
lliat  several  important  changes  took  place  nearly  coincidently  during 
the  prevalence  of  these  conditions. 

From  the  fact  that  the  fluvial  material  in  these  abandoned  channels 
ud  on  the  corresponding  tenaces  in  the  Monongahela  Valley  is  wholly 
local,  or  southern,  while  among  the  analogous  material  of  the  Alle- 
ghany there  mingle  crystalline  erratics  of  Canadian  derivation,  and 
Brom  the  evidence  given  above,  wo  draw  the  inference  that  the  partial 
ftlling  was  coincident  with  some  stage  of  the  earlier  glaciation,  presum- 
My  a  late  stage.    This  view  gathers  some  support  from  the  now  well 
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HusULJticitl  hclJHt'  that  a  gunvral  tloiiresHiuti  and  sluckuuiug  of  tlraiuugu 
itcuompaniecl  the  earlier  glaciatioii. 

Following  this  episode  of  vallcyDlIiog  and  carlior  glatiiaUou  them 
was  u  prolouged  epoch  of  rapid  erosiou  of  the  valley  bottoni,  whicti 
was  apparently  eoiueident  with  au  iuturglikvial  epoch,  and  wa»,  (KrliaiKi, 
the  result  of  the  resilieuce  of  tho  laud  after  the  glooiul  <icpn»Miuii. 
During  this  eiwch  the  roc^k  gorffcn  were  cut  down  to  tbt'  rouk  bottoiua 
that  HOW  lie  forty  feet  or  more  below  the  preeeut  rivar  bottwnw.  TLun 
(THtoe  the  lat^r  iuva«lou  that  halted  at  the  outer  teniiiual  oiuiaiDe, 
whose  overlo<u)e<l  Hoods,  like  those  of  the  precediug  ghu:ial  incuniou, 
filled  the  ralley  botloins  with  glacial  alliiviuiii ;  only,  in  thia  instaiioe, 
iu  harmony  with  the  more  vitjoroiis  eharact«r  of  the  Later  glaclatJOD, 
the  tilling  reached,  at  some  points,  3(IU  lL>et.  Siuuc  that  time tbertt Iidh 
been  auothcr  stage  of  riteicavatiou,  giviug  origin  tu  the  loner  grnvci 
terniees, 

Tbis  is  doahtlesH  far  from  being  the  whole  history  of  eveutu,  tuitl 
tuuy  bo  divergent  fVoni  the  truth  iu  minor  phases,  bnt  I  betieii'u  vritJi 
Home  coutidetiee  that  it  represents  the  general  truth  respecting  tbu  lii«- 
tnry  of  the  abandoned  ohauuelsandobief  turrace  deposits  of  the  aystuin 
of  benches  under  cousideTatiou.  Were  not  tliia  introduction  alread; 
almost  iuescusably  long,  I  shonld  desire  to  ^ive  expreasiou  to  my  h«)lef 
in  some  minor  episodes  am!  to  qualify  thtwe  bald  outlines. 

Recurring  to  the  question  of  the  relationship  of  these  terraces  t«  Q»  ' 
supposed  ice  dam  at  (Jincinnati,  it  becomes  obvious  that,  if  the  fon^^ 
iofj  identifications  are  correct,  the  jihenomcna  do  not  admit  of  explana- 
tion by  such  an  obstruction.  In  a  diflerent  way  they  find  their  elua 
datiou  iti  the  conditioua  that  accompanied  the  ice  invasions.  That  lliure 
were  at  least  two  incursions  of  ice,  that  both  bad  the  habit  of  tilling  up 
the  bordering  valleys  with  their  drainage  matter,  that  a  depressed  coH' 
dition  of  the  land  and  a  slackened  drainage  were  coincident  with  t«t- 
taiu  stages  of  each,  and  that  there  was  a  pralougc<i  int<rglacial  iuterval 
of  erosion,  are  indicated  by  a  wide  range  of  phenomena.  In  sap|>OTt  of 
the  lower  gradient  of  the  streams,  which  is  the  leading  feature  of  the 
explanation  of  the  much -discussed  higher  river  terraces,  there  umy  ^ 
cited,  on  the  one  side,  tho  extensive  deposits  of  the  loess  on  the  loirer 
Ohio,  the  Wabash,  the  Illinois,  the  Mississippi,  and  the  Missouri  Btveis,  | 
as  shown  by  the  concurrent  observations  of  numerous  geologists,  anili 
on  the  other  side,  the  yellow  gravels  and  the  brick  elays  of  Philadel- 
phia, the  bowldery  deposits  about  the  Delaware  and  Chesapeake  BaJ»i 
and  the  Columbia  formation  of  the  Potomac  and  adjacent  regions,** 
worked  out  respectively  by  Messrs.  H.  <J.  Lewis,  F.  D.  Chester,  and  W. 
J.  McGee. 

So,  also,  in  conflrmation  of  the  very  considerable  erosion  which  toes 
place  between  the  invasions,  there  is,  on  the  one  hand,  the  great  enwio"   | 
of  tho  Missouri  Valley  from  the  Great  Falls,  in  Montana,  to  sontliff" 
Pakpta,  iu  tlie  coarse  of  which,  for  long  stretches,  it  has  manifeellyMt 
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is  entire  channel  of  from  three  hundred  to  eight  hundred  feet  in  depth 
lince  the  early  drift  ei>och,  and,  on  the  other  hand,  the  erosion  of  the 
Atlantic  streams,  notably  that  of  tlie  Potomac,  .where  the  entire  gorge 
Tom  below  the  Great  Falls  has  been  excavated  in  obdurate  crystalline 
t)ck  since  the  earlier  glacial  epoch,  as  shown  by  McGee. 

In  short,  both  in  the  great  interior  biisin,  on  the  one  side,  and  on  the 
Atlantic  coast  on  the  other,  as  shown  by  independent  observations,  there 
ippear  to  have  been  prevalent  the  two  great  features  of  which  we  hnd 
idditional  evidence  in  the  terraces  of  the  upper  Ohio  and  its  tributaries, 
riz:  first,  a  general  depression  coincident  with  the  earlier  ice  invasion, 
ind,  second,  a  prolonged  interval  between  invasions,  marked  by  greater 
iiosion. 

Bcspecting  the  argument  of  Prof.  Wright,  that  the  high  state  of  pres- 
)rvation  of  the  vegetal  deposits  indicates  a  recency  incompatible  with 
the  great  lapse  of  time  which  the  erosion  of  the  valleys  implies,  I  have 
only  to  remark  that  1  know  of  no  criterion  by  which  the  minimum  rate  of 
decay  or  lithification  of  vegetal  depovsits  takes  [)lace  when  the  material 
is  buried  in  clay  or  constantly  submerged  by  ground- water.  The  whole 
tenor  of  the  stndy  of  fossil  remains  is  to  emphasize  the  fact  that  the  pre- 
servation has  been  extraordinarily  perfect  under  certain  conditions, 
while  nnder  others  the  completeness  of  the  destruction  has  been  equally 
phenomenal.  It  appears  to  me  that  the  rate  of  decay  and  of  lithifica- 
tion  of  burie<l  vegetal  material  is  a  problem  rather  than  a  proof.  Very 
fresh-looking  wood  is  found  in  the  Tertiary  deposits  of  the  lower  Mis- 
sissippi Valley. 

rV.   THE  SLENDER  HORIZONTAL  TERRACES. 

A  system  of  slender  terraces,  lying  along  the  slopes  of  the  hills  back 
of  Wheeling,  W.  Va.,  has  been  observed  by  Mr.  W.  J.  McGee,  of  the 
U.S.  Geological  Survey.  With  them  he  is  inclined  to  correlate  some 
of  the  terraces  of  the  Monongahela  Kiver  and  some  of  its  tributaries. 
Which  have  been  examined  by  him.  These  terraces  are  far  from  being 
constant,  and  commonly  occur  only  at  localities  obviously  favorable  for 
their  formation  and  preservation.  There  are  usually  two,  but  rarely 
three  or  more  members,  all  within  a  vertical  interval  seldom  exceed- 
ing fifty  feet.  They  differ  entirely  from  the  preceding  clsisses,  beinji; 
Baerely  slender,  bands  of  slope-wash  lodged  along  the  sides  of  the 
hills,  reaching  a  thickness  of  perhaps  ten  feet,  measured  normal  to 
the  hill  slope,  and  having  sloping  surfaces.  So  far  as  observed  they 
^naintain  a  horizontal  position.  They  seem  to  be  just  such  accumula- 
tions as  might  gather  on  the  margin  of  a  ponded  stream  in  a  compara- 
tively limited  interval  of  time.  The  mean  altitude,  on  both  the  Ohio 
*ud  the  Monongahela,  is  about  one  hundred  and  iifty  feet. 

As  indicated  in  a  quotation  made  above,  Prof.  1.  C.  White  finds  on 
several  of  the  tributiiries  of  the  Monongahela  clayey  terrace  deposits, 
vhioh  disappear  at  the  same  absolute  level  at  which  they  cease  alon^ 


38  TUE   GLACIAL    BOnNDAKT. 

tbo  main  river.  It  may  ho  that  theoe  clayt-y  terracea  cotiatitntc  a  hm- 
itontal  iiy8t«n]  eiiuivalvnt  In  tliOHc  olxtcrved  by  Mr.  Mntlet^,  yrhiits  the 
roi-k  htfuchva  and  alluvittm  rapped  terraces  of  tlie  re{rkin  belong  to  tlie 
aiioICDt  rivor  system,  ami  tb»t  iu  thix  diKoriiiiidation  lieH  tlio  recoiidli' 
atioii  of  seemingly  inhannoDioas  observations.  Tlie  data  al  cotuoiimil 
are  far  too  limited  to  warrant  a  eonfidnut  ooucliisiou.  These  obxena 
tiona should  stiinalate  a  further  search  for  this  class  of  terraren,  amlii 
this  search  it  is  supremely  important  that  these  slender,  slope-wnsh  t«^ 
races  should  1k>  distiut^uisbed  fi-om  tliowe  whieb  biive  heretofore  been  ibe 
chief,  if  not  the  exclusive  subjects  of  discnssioi)  iu  this  region,  and  vilb 
which  they  have  littlD  in  eommon  beyond  the  bald  fact  of  being  terracM. 

T THB   STRUCTURAL  TEHRACES. 

The  llfth  series  of  terraces  which  mark  llie  slopes  of  the  upper  Ohin 
and  its  tributaries  are  obviously  structural  or  degradatioual,  being  de- 
pendeut  upon  the  uuetpial  resistance  of  the  paleozoic  strata  that  form 
the  hill-alopes  of  the  river  valley.  They  are  horizontal  where  the  strata 
lie  horizontally  and  iucliued  where  the  strata  lie  incliued.  Thuirorigio 
is  obvious. 

SUMMATION. 

Summing  up  the  subject  of  the  terraces,  it  is  to  lie  remarkeil  {l)lhat 
the  highest  series  of  terraces  aro  horizontal,  but  have  elevatJous  Uifi 
lowest  of  which  is  above  the  reach  of  the  supposed  Giuoinnatiioe-dHn), 
and  the  range  of  which,  according  to  Prof.  Stevenson  (on  whose  obstT- 
vatiou  the  tletermi nation  of  the  whole  series  rests),  greatly  esce€«J«l 
the  total  range  of  the  ice  daTn,  and  that  the  two,  for  other  and  obvioo* 
reasons,  can  have  no  causal  relationship;  (2)  that  the  upper  series  nf 
pebble-bearing  terra<;ea  carry  evidences  that  to  us  are  clear  and  decisive 
that  they  are  Huviatile  in  origin  and  that  they  were  contomporaiieona 
with  the  earlier  glacial  epoch ;  (3)  that  the  lower  series  of  gravel  ti^- 
races  are  demonstrably  connected  in  origin  and  in  time  with  a  latw 
ice  incursion,  during  which  was  formed  the  outer  moraine  whidi  biu 
been  so  carefully  traced  by  Profs.  Lewis  and  Wright  across  nortlieni 
Pennsylvania;  (4)  that  the  slender  horizontal  terraws  observal  l»y 
McGee  (and  perhaps  certain  portions  of  those  observed  earlier  by  Prof- 
Whitfi,  but  not  separated  in  discrimination  from  the  fluvial  terraces). 
may  be  the  relics  of  the  work  dime  by  the  waters  pondetl  by  the  glacial 
obstruction  at  Cincinnati;  but  too  little  is  yet  known  of  these  to  justify 
more  than  this  suggestion;  and  {5}  that  the  structural  terraces  are 
evidently  due  to  differeutiat  degradation  and  have  obviously  no  rela- 
tiousbip  to  the  question  under  discussion. 


THE  GLACIAL  BOUNDARY  IN  WESTERNPENNSYLVANIA,  OHIO, 

KENTUCKY,  INDIANA,  AND  ILLINOIS. 


By  George  Fredeuick  Wright. 


INTRODUCTION. 

The  foUowiiig  is  a  preliminary  report  of  progress  concerning  my  in- 
yestigations  relating  to  the  glacial  boandary  in  western  Pennsylvania, 
Ohio,  Kentacky,  Indiana,  and  Illinois.  Bat  as,  according  to  instruc- 
tious,  the  work  is  sapplementary  to  what  had  already  been  done  in  the 
same  field,  it  has  been  necessary  to  give  a  summary  statement  of  facts 
previoasly  discovered  and  published. 

The  main  problem  has  been  to  determine  by  actual  observation  the 
ezafit  soathem  line  along  which  the  signs  of  the  so-called  direct  glacial 
action  cease  to  be  apparent.  To  accomplish  this  it  has  been  necessary 
to  examine  personally  a  belt  of  territory  along  the  whole  distance  suf- 
ficiently wide  to  demonstrate  that  the  phenomena  denominated  ^<  glacial" 
actnallj  exist  down  to  the  line,  and  that  they  do  not  exist  south  of  the 
line. 

The  phenomena  chiefly  relied  upon  as  proofs  of  direct  glacial  action 
are  the  existence  of  striated  surfaces  of  rocks  in  place,  the  occurrence 
of  the  unstratified  deposits  called  "  till,"  and  the  discovery  of  trans- 
ported bowlders  in  such  positions  as  to  preclude  their  deposit  by  water 
actioD.  The  sufficiency  of  this  proof  can  be  evident  only  from  the  report 
itself.  As  there  may  be  occasion  to  question  the  character  of  the  de- 
posits called  'Hill,"  I  have  inserted  in  the  text  cuts  from  photographs 
of  several  fresh  i)erpendicular  exposures  in  dififerent  places. 

SIRIATED  surfaces  OF  ROCKS  IN  PLACE. 

There  is  no  question  that  a»i  exposed  surface  of  rock  might  be 
striated  by  the  action  of  a  vast  mass  of  floating  ice  in  shallow  water. 
Icebergs  whose  lower  surfaces  barely  graze  the  rock  beneath,  and 
Which  are  moved  along  by  strong  and  steady  currents  of  water,  might 
produce  striai  which  are  in  a  general  way  parallel  with  each  other 
over  extended  surfaces  of  level  country.    But  that  the  striation  char- 
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actorizlrig  Dm  givator  imrt i»f  the  drift-coveroil  i«>rlimi  nf  Niirtli  America 
could  ii»t  biivc  Imh.'!!  i>n)iliiiH>d  li>'  floating  iat  in  vvideut  from  »  variety 
of  cousidfsratioiiH. 

Ill  the  first  place,  striated  sarfaces  are  found  in  situntious  wbcrp  it  is 
imi>0BBibIe  to  snpi>oise  theru  could  Lave  bo^^u  any  currents  of  water  iu 
wbicb  ice  could  float;  and  the  striip  in  these  places  corrori)mnd  in  all 
respects  with  those  urdinarily  fotiiid  in  otbeir  aitaations.  For  examiile, 
limiting  myself  to  observations  of  my  own,  in  Davidson  township,  Sul- 
livan County,  Pennsylvania,  there  are  numerous  and  well-defluod  stritf 
upon  the  exposed  surfaces  of  Poeouo  saudBt«ne,  lacking  only  a  few  hun- 
dred feet  of  being  as  high  as  the  highest  summit  of  the  Alleghany  Moim^ 
aiim,  and  not  far  from  2,000  feet  aliove  the  sea.  The  direction  of  the 
atria*  is  here  S.  0°  W. 


I 


lit  of  thD  Alli^clmnlra.  Siilllvui.  Pi 


A  few  miles  west  iu  the  valley  of  Mniicy  Creek,  there  are  other  stiie 
at  a  lower  level,  whose  direiitiou  is  evidently  determined  by  thatof  the 
valley  wbicb  bears  in  some  places  S.  70'' W,  At  a  still  lower  level,  atid 
farther  down  the  creek  after  it  emerges  from  the  Alleghany  eNcarpineiit 
{which  here,  as  elsewhere,  bejvrs  from  NE.  to  SW.),  iu  Penn  towiiaiiipi 
Lycoming  County,  the  striai  turn  again  to  a  more  southerly  directioii. 
bearing  8.  from  10°  to  20°  W,  There  is  here  no  chance  for  acurrentof 
water  moving  over  the  Alleghanies  to  produce  all  these  striae;  forev«5' 
appearance  tndicntes  that  tbey  were  contemporaneous,  aud  w»l*f 
which  would  barely  snffer  the  ice  to  gnizo  the  surface  in  Davidson 
township,  Sullivan  County,  would  be  too  deep  iu  Penn  township,  ty- 
coming  Connty,  to  allow  a  floating  body  of  ico  to  graze  the  surTsM 
there,  which  is  at  least  700  feet  lower  than  the  other  in  Davidson  toffn- 
ship.  Nor  would  there  be  any  opportunity  for  a  current  of  water  I" 
set  over  Penn  township  from  the  north,  since  the  escarpment  of  the 
Alleghany  is  only  two  or  three  miles  distant  in  that  direction,  and  it  is 
iu  all  places  from  700  to  1,0(«)  feet  aliove  it. 

Nor  could  this  striation  bo  the  result  of  a  local  glacier,  since  David- 
eon  township  has  no  higher  land  to  the  north  in  which  a  local  claoier 
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iild  form.  On  the  other  hand,  everything  coincides  with  the  snpposi- 
in  that  a  coutineotal  ice-movement  from  the  north  here  surmounted 
e  Alleghanies,  and  that  its  force  was  nearly  spent  at  this  point.  The 
ied  on  the  unobstructed  surface  of  Davidson  township  represent  the 
rmal  movement  of  the  ice  in  that  vicinity,  while  the  variations  in 
rection  down  Muncy  Greek  show  the  disturbing  influence  of  a  local 
Jley  near  the  margin,  down  which  the  semi-fluid  mass  would  press  in 
edience  to  its  laws  of  motion. 

This  is  bat  an  instance  of  what  may  be  found  in  various  other  places 
the  mountain  regions  of  Pennsylvania.  ^ 

Phenomena  similar  to  these  just  described  are  also  not  infrequent 
^rthward,  making  it  evident  that  the  strisB  now  exposed  to  observa- 
m  were  those  produced  by  the  last  movements  of  the  ice  near  its  mar- 
a  and  during  its  period  of  final  retrocession.  Each  forward  move- 
eat  of  the  ice,  like  that  of  a  plane  or  rasp,  would  obliterate  the  marks 
'the  previous  movement. 

In  the  region  coming  more  immediately  within  the  limits  of  the  pres- 
it  report,  namely,  that  lying  west  of  the  Alleghanies  and  extending  to 
le  Mississippi  Biver,  the  observed  striie  near  what  I  have  taken  to  be 
le  limit  of  direct  glacial  action  have  been  comparatively  rare ;  still 
ley  are  sufficient  to  illustrate  the  same  general  principle.  In  the  places 
here  these  marginal  strise  have  been  observed  there  is  usually  either 
barrier  which  would  obstruct  the  progress  of  a  current  of  water  flow- 
ig  in  the  direction  of  the  striae,  or,  where  there  is  no  barrier,  there  is 
ich  a  sudden  cessation  of  glacial  deposits  as  could  not  have  occurred 
the  transporting  agency  had  been  floating  ice.  The  water  deep  enough 
)  have  floated  bergs  to  the  locality  of  these  striae,  and  to  the  limit  of 
lacial  deposits  not  far  beyond,  would,  in  the  absence  of  barriers,  have 
tmsported  this  glacial  debris  still  farther  south. 
Again  it  is  noticeable  that  these  marcrinal  striae  very  uniformly  i)oint 
t  right  angles  to  the  marginal  line  itself  in  the  locality  where  they 
Mmr,  so  that  in  repeated  instances  I  was  able  from  the  direction  of  the 
arise  to  prophesy  the  direction  of  the  nearest  point  in  the  margin  of  the 
ladated  area. 

For  example,  the  striae  in  Mercer  and  Lawrence  Counties,  in  western 
ennsylvania,  have  a  general  direction  S.  45^  E.,  which  is  very  nearly 
bright  angles  to  the  line  marking  the  limit  of  direct  glacial  action  a 
)w  miles  away.' 

Again,  in  Highland  County,  Ohio,  the  average  bearing  of  striae  is  S. 
6^  E.,  at  right  angles  again  to  the  glacial  margin  a  few  miles  away. 
At  Woodsdale,  Butler  County,  Ohio,  about  20  miles  north  of  Cincin- 
ati,  well  defined  striae  occur,  running  nearly  N.  and  S.    These  are  of 

' For  farther  particulars  respecting  other  places  in  Pennsylvania  see  Second  Geol. 
urtey,  Pennsylvania,  Z,  containing  the  report  of  H.  Carvill  Lewis  and  myself  upon 
^  terminal  moraine  in  that  State,  especially  tbe  reports  on  Monroe,  Lozenie,  Co^ 
^mbia,  and  Lycoming  Counties. 
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ftil<lit]onal  interest  as  sliowing  tlie  depi-ee  to  whi«li  tlte  ice  mOTflniimtnl 
tliit*  imjtit  w.xa  lii(tc|K-iiil(^nt  of  Mie  Ii>i;hI  tii|iii);i';i)ilty,  T\w  »Ln»'  tp<-n> 
oliHurvu^l  wore  upon  the  (U)iith  sid«  of  t|jv  Miiitui  Uiver  (wbose  };eiH'nil 
courHe  is  liere  NE.  and  SW.), jiiiil  75  IV-L-t  nlmvu  Inw-wuler  mark.  Tlie 
diraction  of  tlie  striic  is  diagomU  to  that  of  thi)  valley,  whwili  is  burp  a 
mile  or  more  iu  widtL,  but  nearly  at  right  angles  to  the  geimml  coiine 
of  the  glacial  boumJary,  about  20  infltw  to  the  south. 

Near  Vuiidalia,  Owen  Coanty,  Iml.,  well  marked  striiv  appear  ron- 
uing  from  S.  40°  to  50*^  E.,  Bome  bearing  still  more  to  the  east  Ben. 
again,  the  limit  of  direct  glacial  actio!)  (which  is  tint  a  few  milen  awaj], 
after  having  RWiing  IVom  Clark  County,  near  the  Falls  of  the  Ohio,  at 
Lonisvillc,  Ky.,  to  tlie  north  as  far  a»  Morgan  County,  ie  now  for  a  long 
distance  piissing  in  a  S8W,  dirt'Ution  toward  Poaey  County. 

The  point  farthest  south  at  which  striit)  have  been  obitorvcd  oast  of 
tbo  Mississippi  is  near  the  southwest  corner  of  Williamson  Oonnty, 
111.,  about  latitude   37''  35'. 

This  Ib  near  the  apex  of  a  great  southern  loop  in  the  glaviat  lioandaiy, 
which  exteiida  but  a  few  miles  fiirthor  to  the  south  ;  and  the  directiOD 
of  the  eastern  set  of  striir.,  in  Williamson  County,  is  S,  from  10^  to  IP 
Vj..  while  that  of  the  weHtem  set,  about  12  miles  distaut,  in  jMbwn 
County,  is  fi.  5°W.  The  striie  are  here  undeniable  and  most  eleatl}' 
marked 
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Full  descriptions  of  till  and  its  associated  deposits  are  given  by  Pres- 
ident T.  O.  ChamV)erlin  iu  his  preliminary  paper  on  the  Terminal 
Moraine  of  the  Second  Glacial  Epoch.' 

It  is  Hullicient  here  to  remark,  in  geuei^l,  that  the  agency  tlirongli 
which  the  drift  deposits  are  supposed  to  have  been  distributed  is  one 
which  is  capable  of  producing  very  complicated  results.  During  the 
whole  existence  of  the  continental  glacier,  ctipecially  at  certain  seasons 
of  the  year,  there  must  have  beeu  eouuected  with  it  a  great  amount  of 
water  action  ;  and  through  the  agency  of  the  enveloping  sheetofgladiil 
ice,  water  must  have  been  set  free  iu  places  and  under  conditions  vei)' 
different  from  those  in  which  it  would  be  a  modifying  agent  after  tbe 
ice  had  withdra-vn.  In  all  those  valleys  whose  natural  drainage  is  to 
the  north  there  would  he  a  j>erio(l,  both  during  the  advance  and  dQring 
the  retreat  of  the  ice,  when  temporary  lakes  would  exist  in  its  frmt- 
In  all  such  places,  of  course,  there  would  be  opportunity  for  that  pwJU- 
liar  strati ficuti on  of  the  material  characterizing  the  deposita  distribnl^ 
by  water.  It  la  easy  to  see  that  these  conditions  would  exist  to  ■ 
marked  degree  in  Ohio  north  of  the  watershed. 


iTtiinl  Auiinnl  liejiort  L'.S.  GboI.  Survey,  1883,  pp. U!)5-;n0. 
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Od  the  other  hand,  soath  of  the  water-shecl,  where  the  main  drainage 
lines  were  always  oi)en  to  the  sonth,  it  would  be  rare  that  any  large 
confined  body  of  water  could  have  existed  for  any  great  length  of  time- 
Bat  wherever  there  was  an  ice  front  at  any  level  there  must  have  been, 
especially  daring  the  period  of  retreat  and  during  the  summer  months, 
a  vast  amount  of  water  set  free  even  upon  the  high  lands,  which  in  its 
impetaous  coarse  would  sort  the  material  and  deposit  terraces  and  deltas 
of  sand,  gravel,  and  pebbles  in  positions  that  are  quite  impossible  in  the 
present  condition  of  things.  My  observations  have  been  particularly 
directed  to  the  efiects  of  this  complicated  agency  south  of  the  water- 
shed between  the  Ohio  and  the  lakes,  and  more  particularly  near  the 
soathem  margin  of  the  region  over  which  the  marks  of  the  direct  action 
of  glacial  ice  are  unmistakable.  In  conducting  these  observations  I 
have  incidentally  traversed  nearly  the  whole  region  between  the  l<ikes 
and  the  Ohio  in  every  direction,  and  have  carefully  zigzagged  the  whole 
marginal  line  from  the  Alleghanies  to  the  Mississippi,  crossing  and  re- 
erossiug  it  at  short  intervals  (usually  from  one  to  two  miles),  extending 
my  observations  over  a  considerable  belt  of  the  territory  beyond  the  limit 
assigned  by  me  to  direct  glacial  action.  An  incidental  branch  of  jbhe 
investigation,  and  one  which  in  interest  and  importance  is  so  great  that 
it  well-nigh  overshadows  the  main  inquiry,  pertains  to  the  effects  daring 
and  towards  the  close  of  the  glacial  period  of  water  action  along  the 
valleys  opening  to  the  south,  and  which  lie  for  the  most  part  outside  the 
glaciated  region.  With  a  remarkable  uniformity  these  valleys  contain 
immense  deposits  of  gravel,  which  line  their  sides  to  a  level  far  above 
the  reach  of  present  streams. 

GENEBAL    DISTEIBUTION    OF    TILL   AND    ITS    RELATION    TO    BURIED 

CHANNELS. 

The  distribution  of  drift  material  over  the  glaciated  region  sonth  of 
the  water-shed  between  the  lakes  and  the  Ohio  is  more  uniform  than  it 
might  seem  to  a  local  observer.  As  Prof.  J.  S.  Newberry  *  long  ago 
pointed  out,  glacial  action  in  Ohio  was  superinduced  upon  a  country 
whose  minor  topography  had  been  shaped  by  the  long-continued  erosive 
action  of  running  water.  These  preglacial  streams  had  everywhere 
eroded  channels  through  the  sedimentary  rocks  hundreds  of  feet  in 
depth,  and  south  of  the  glaciated  limit  these  channels  are  still  the 
marked  feature  of  the  country. 

North  of  the  line  the  channels  have  ordinarily  been  filled  with  till  so 
as  completely  to  obliterate  them.  According  to  Prof.  Newberry  the 
Cuyahoga  River  (flowing  north  and  emptying  into  Lake  Erie  at  Cleve- 
land) occupied  in  preglacial  times  a  bed  200  feet  beneath  its  present 
bottom,  since  borings  along  its  bed  for  twenty  miles  above  its  mouth 
penetrate  that  depth  before  reaching  the  rock,  while  the  rocky  escarp- 
ment on  each  side  of  its  present  narrow  valley  now  rises  from  200  to 

1  Report  GeoL  Snrvoj-,  Oliio,  vol.  1,  pp.  :M,  37,  44,  172,  175,  177,  205,  418,  433,  4GI 
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.100  ft'et.  atmvR  iN  Provion»  to  tlie  glacial  tHM'im)  tliiR  rivi«r  luuRttliiw 
for\!  Iinvo  (»c<;ii|>ii>tl  n  iiiurow  Irougli  lYoin  4IHI  U*  CMi  ivul  dwp.  I'raC 
Ni'wlx^trry  biul  a\nu  culiml  atteiitiou  to  a  buried  cbuanel  occapiwlia 
liR'glneial  times  by  Kocky  Biver  (a  stream  emptyitig  iato  Lake  Eriea 
Tew  milee  west  of  tbc  Cayalio^a),  bnt  which  was  filled  np  by  gladal' 
ilfibris,  so  a»  to  coiiipci  the  stream  to  seek  another  ebannul  in  the  lofftf 
part  of  its  course.  Ro^seiitly  Dr.  Gould,  of  Ilerea,  Ohio,  has  tracwi  thil 
buried  chuiiucl  aditjtaiicc  of  nioi'e  than  tweuty  miles,  connectiafcitiriUii 
the  wide,  deep  valley  KtitI  occupied  by  the  stream  iu  Mediua  Uoimtjr. 
The  course  of  tlie  buried  ehauncl  is  traced  partly  by  gatlieriug  a  record 
of  wells  which  fail  tfl  reach  a  rocky  bottora  for  50  or  100  feet  below  the 
ordinary  depth,  but  more  especially  by  noting  the  repeated  plar«sM 
which  the  present  stream  in  its  winding  course  crosses  aud  riK^roase) 
the  old  valley.  Wliere  this  occurs  the  present  stream  flows  between 
rocky  banks  both  above  and  below  the  line  of  the  buried  valley,  awl 
has  a  rocky  bottom ;  but  in  the  short  space  occupied  by  the  old  vAllejT 
itself  the  stream  now  Hows  between  banks  of  till  nearly  100  feet  lilflbi 
aud  has  a  muddy  bottom. 

Thus,  in  the  main,  all  the  valleyH  down  to  the  glaciated  limit  in  Obl^ 
Indiana,  and  Illinois  have  been  obliterated,  and  the  whole  repon  kit 
been  reduced  to  a  comparative  level  by  the  action  of  the  ice;  k<i  tJiift 
the  glacial  boundary  is  found  to  be  practically  the  limit  of  thf  jirairit 
i-egioii  in  tbcae  States,  thongli  as  the  Allefthanies  are  approached  rron 
the  west  the  comparatively  higher  elevation  of  the  country,  aud  tlir 
consequent  increasing  depths  of  the  river  channels,  makes  the  till  in 
increasing  degree  insuHicieut  to  fill  them. 

The  maximum  for  the  average  depth  of  the  glacial  deposit  over  tlie 
area  iu  Ohio  north  of  this  boundary  line  is  estimated  by  Mr.  E.  W. 
Ulaypole'  to  be  ■'>(!  feet.  No  one  at  all  familiar  with  the  region  will  Iw 
disposed  to  think  this  o.stimate  exaggerated. 

Eeceut  activity  in  Ohio  and  Indiana  in  boring  for  gatj  and  oil  b« 
given  ua  more  dehiiitc  knowledge  of  the  depth  of  the  glacial  de|Kwit* 
over  that  region  than  wiis  before  iwssible.  The  result  is  to  prove  Ui*' 
Prof.  Clayi»ole'a  estimale  of  an  average  depth  of  50  feet  is  altogethtf 
too  moderate-  Prof.  E.  Orton  furnishes  me  in  advance  the  fignM' 
which  he  is  to  publish  in  his  forthcoming  report  upon  tlie  subject.  Thae 
figures  rep rci^ent  the  depth  of  the  glacial  dejiotiit  in  fifty-three  of  the 
counties  of  Ohio  as  determine*!  by  the  borings  in  one  hundred  ami 
twenty-two  wells.  The  average  depth  of  the  glacial  deposit  is  (aa«& 
to  be  upwards  ofOO  feet  (03  fcet+).  In  some  of  the  wells  tlie  depth  of  tin 
glacial  deposit  was  truly  phenomenal,  as  in  St.  Paris,  Chami>aign  CJouniyt 
where  in  one  well  rock  was  not  reached  until  a  depth  of  370  feet,  while 
in  another  530  feet  was  penetrated  by  boring,  and  the  well  wb«  »b»B- 

I  ^e  rr«a  Am.  Aiuim;.  Ailv.  Sni.,  ^Otli  (Cinciaiikti)  meeting,  1KSI,  p.  Ifil. 
•As  to  tJiPiiossiliililipBof  MToriusuuIiciilcLiUlioii.sw-tliedriakHsnrcn  bjCliW- 
berlio  and  Salisbury ,  Sixtk  Annuul  Report  [1.  S.  Geul.  Survey,  p.  ;207«t  seq. 
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)n6d  before  rock  was  reached.  In  Daytou,  Montgomery  Goanty,  tbe 
acial  deposit  was  found  to  be  247  feet  deep ;  in  Gridersville,  Anglaize 
muty,  300  feet;  in  Newark,  Licking  County,  235  feet;  in  Lebc^uon, 
barren  County,  256  feet ;  in  Osbom,  Greene  County,  207  feet ;  in  Hamil- 
D,  Butler  County^  214  feet.  The  average  in  various  counties  is  also 
gniflcant.  In  Auglaize  County  six  borings  give  an  average  depth  of 
kl  feet ;  in  Butler  County,  four  borings  average  116  feet. 
With  reference  to  the  correctness  of  this  representation,  it  should  be 
imarked  that  borings  prosecuted  in  this  manner  are  more  likely  to 
[yean  underestimate  than  an  overestimate  of  the  real  facts;  for,  as 
well  known,  it  is  much  easier  and  less  expensive  to  drill  through  tbe 
)dimentary  rocks  than  through  deep  deposits  of  till  and  looser  drift, 
>  that  the  aim  of  the  prospectors  is  to  begin  their  wells  at  points  where 
le  rock  will  be  reached  at  as  small  a  depth  as  possible.  But  so  com- 
letely  have  the  preglacial  lines  of  erosion  been  obliterated  in  Ohio 
lat  it  is  impossible  to  make  certain  calculations  as  to  the  proximity  of 
16  rock  to  the  surface.  In  the  deei>est  drift  (530  feet  in  Champaign 
OQuty)  si>ecial  effort  was  made  to  locate  the  boring  where  the  super- 
dal  dei)osit8  were  shallow ;  but,  as  the  result  proved,  the  surface  in- 
ications  were  deceptive  and  a  serious  mistake  was  made,  involyiug 
lie  contractor  in  financial  disaster.  It  should,  however,  be  observed 
lat  the  deep  well  of  St.  Paris  lies  in  the  line  of  the  terminal  moraine 
P  the  second  glacial  epoch,  as  indicated  in  the  report  of  President 
lamberlin,  where  the  depth  of  glacial  deposits  is  supposed  by  him 
0  be  exceptionally  great. 

CHABACTEB  OF  THE  MATERIAL  COMPOSING  THE  TILL. 

A  uniform  characteristic  of  the  surface  deposits  covering  the  glaci- 
ted  region  is  the  intermingling  of  a  great  variety  of  material  from 
ridely  separated  regions  to  the  north. 

The  significance  of  the  facts  observed  can  best  be  perceived  by  com- 
ing observations  from  extreme  portions  of  Ohio.  We  will  therefore 
(Qt  side  by  side  the  deposits  in  Oberlin,  Lorain  County,  Ohio,  and  those 
«ar  Oxford,  Butler  County. 

Oberlin  lies  12  miles  south  of  the  lake  and  252  feet  above  it,  being  about 
Omiles  north  of  the  water-shed.  Tbe  general  surface  of  the  country  is 
emarkably  level,  though  rising  gradually  to  the  south ;  the  divide  be- 
ween  Black  Biver  and  the  Killbnck,  in  Harrisville,  Medina  County, 
»eiug  but  84  feet  higher  than  the  general  level  in  Oberlin,  while  the 
Uvide  between  the  Maumee  and  the  Wabash,  near  Fort  Wayne,  Indi- 
4ui,is  seven  feet  lower  than  Oberlin,  and  the  summit  between  the  San- 
lusky  and  Scioto  Bivers,  in  Wyandot  County,  and  between  the  Maho- 
dng  and  Grand  Bivers,  in  Trumbull  County,  do  not  vary  ten  feet  either 
^ay  from  that  already  mentioned  in  Medina  County.    Tbe  drainage  sum- 
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niit8botwu6ii  tLeCuyabogaiuidtlie  TuKCumwas,  and  between  SbKHJ^l 
and  Laramie  Creek,  aru  from  forty  to  nixty  feet  higher  titiU. 


F[C.  3.— Uai>  BhavriDe  placiiLl  boumJary  in  OLio. 

The  following  table'  will  be  convenient  for  reference : 
Lowest  auinniit  betn-ron  the  waters  uf  Lake  Erie  and  the  Ohio  BItof  : 

Mnlioiiiug  and  Grain)  Rivers,  Chaiuiiion,  Trumbull  County - "* 

Cuyatiogit  and  TusuarnwuH  Riv[<r8,  Summit  Lako,  near  Akron,  lowDredfoutfMitbf 

theoanol S* 

Block  Eivor  andKiilbuck,  narriBTitlo,  Medina  Connty *" 

Baudusky  and  Scioto,  Tyamoohtoe,  Summit,  Wyandot  Coanty '* 

St.  Mary's  and  LaramioCrt'uk.Sliolby  County *f 

MminiKuKiveraudWabaiih,  uuiit  Fort  Wayne,  Indiana *^ 

The  following  data  are  of  value  in  oouncction  with  the  above  table' 

Elevolion  of  Lakp  Erie  itbove  tide *'" 

ElB*atiou  of  OlM-rlin  almvo  tide *^ 

'  Proiiiin'd  by  Col,  Cliurlca  Wtiittlosny  for  itiiunal  ruport  of  the  Setrelary  of  8I*'' 
to  tLo  Guvoruur  vt  tbe  titalv  ot'  Oliiu  (OLio  ntatiHliuH)  fur  1879,  p.  &T-1. 
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It  thus  appears  that  there  could  have  been  do  confined  body  of  \yater 
rer  the  northern  part  of  the  State  of  sufficient  depth  to  float  icebergs 
'any  great  size.  So  that,  from  the  nature  of  the  case,  we  could  not 
cpect  to  find  in  this  region  any  extensive  deposits  Irom  that  source; 
idy  least  of  all,  any  great  amount  of  striation  which  could  be  attributed 
» floating  ice,  and  with  this  conclusion  the  character  of  the  drift  in 
ii6  region  corresponds. 

The  rock  nearest  the  surface  in  Oberlin  is  the  Waverly  sandstone, 
hich  in  places  is  but  slightly  covered  by  drift,  but  in  other  places 
18  Buftered  extensive  erosion,  and  wells  i>enetrating  the  drift  thirty  or 
>rty  feet  fail  to  reach  the  rock.  The  strata  are  here  dipping  toward 
le  southeast  at  a  rate  of  nine  feet  per  mile.^  Eight  miles  to  the  north- 
est  occurs  the  line  of  the  outcrop  of  these  sandstones,  where  are  the 
slebrated  Amherst  quarries,  at  an  elevation  of  about  one  hundred  and 
jventy-five  feet  above  the  lake.  The  lower  shelf  between  these  quar- 
es  and  the  lake  is  occupied  by  Erie  shale,  concealed  only  by  a  thin 
3vering  of  drift. 

The  175-foot  level  is  marked  by  a  ridge  of  sand  and  local  gravel, with 
ccasional  collections  of  well-rounded  pebbles  from  three  to  four  inches 
1  diameter.  Pieces  of  fresh  wood  (supposed  to  be  sycamore),  much 
rater-worn,  are  frequently  found  from  fifteen  to  twenty  feet  below  the 
urCace  of  this  ridge,  and  are  specially  abundant  in  the  level  country 
iDuiediately  south  of  it.  Towards  the  lake  there  are  other  series  of 
idges  at  lower  levels,  and  in  various  places  where  I  have  observed  it, 
:hore  is  in  such  situations  a  marked  increase  of  granitic  bowlders  upon 
\\A  general  surface  between  the  ridges,  as  if  the  washing  of  the  waves 
bad  carried  away  the  fine  material  leaving  ui)on  the  x)resent  surface  only 
the  bowlders  that  were  originally  scattered  through  a  deeper  deposit  of 
till,8uch  as  characterizes  the  whole  country  to  the  south  of  the  ridges. 
Ibe  geological  formations  of  this  vicinity  are  shown  by  the  following 
record  of  a  recent  boring: 

Record  of  an  artesian  well  at  Oberlin, 

Feet 

Yellow  clay II 

Blue  clay 10 

Red  clay 10 

Sandstone 10 

Ked  shale 74 

Blue  shale 24 

Black  and  blue  shale 737 

Limestone - 15 

Total «)1 

From  this  sfcttement  of  the  situation,  the  significance  of  the  follow- 
ing facts  concerning  the  composition  of  the  drift  at  Olx^rlin  will  be  ap- 
parent.   From  a  number  ot*  wells  dug  during  the  spring  of  188G,  and 

'  WbittlcHoy,  Ibid.,  p.  575. 
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pootitrating  the  KyiKirlicml  dvixMit  from  Hfitecii  to  twenty  feet,  it  is  evi- 
dent tliat  it  can  not  liave  been  u  tiepOBitioii  in  water.  OriiniliolKiwliIen 
broiiglit  from  northern  Canada,  two  feet  and  monj  in  diameter,  an?  fre- 
quently found  at  all  deptbs  in  tbe  deposit.  Fragments  of  Corniferoiui 
limestone  (finely  polisbed  and  ncratched),  whose  horizon  is  several  Luii' 
dred  feet  lower  ttiau  tbe  situation  in  which  they  are  found,  occur  ia  tbu 
drift  at  all  depths.  The  massof  the  deposit  is,  however,  a  very  teua- 
cious  clay,  formed  by  the  mechanical  comminution  of  tJie  extrusive 
deposittj  of  sbale  whose  outcrop  is  to  tlio  north  nud  at  a  lower  level. 
A  8i>ecimen  of  this  day,  freshly  taken  from  15  feet  below  the  siirfiiw, 
consisted  of  about  55  per  cent  of  material  so  Soely  cotnmiiiuted  tbul 
it  was  readily  held  in  suspension  in  water.  The  remaining  4S  jK^r 
cent  consisted  of  fragments  more  or  less  angular,  and  ftwn  one-quar- 
ter of  an  inch  in  diameter  down  to  the  llnest  sanil.  Both  of  these  por- 
tions effervesce  readily  in  acids,  showing  that  lime  is  present  in  tbi* 
form  of  carbonate,  and  that  therefore  the  clay  is  the  result  of  meubnii 
ical  uouiminntion  and  not  of  chemical  disintegration'.  We  give  in  a 
note  the  result  of  both  a  tnechanieal  and  a  microscopical  auaI;Bi.i.' 
Among  the  materials  composing  this  deposit  there  are  granitic  aii>i 
i|uartzttc  fragments  from  northern  Canada,  Comifcrons  limestone  from 
below  the  level  of  Lake  Erie^  fragments  of  Erie  shale,  sometimes  twu 
or  three  inches  in  diameter,  and  pieces  of  Amherst  sandstone.  All  thm 
ingredients  are  intimately  mixed  together  without  any  signs  of  strati 
fication.  There  are,  however,  at  irregular  intervals,  belts  of  sttatificu 
,  tion  in  the  till  wherever  1  have  observed  it.  For  example,  in  one  of 
the  wells  mentioned  in  Oberlin  a  vein  of  ijnicksand  a  foot  or  more  to 
thickness  was  encountered  at  a  depth  of  1^  feet,  but  with  cotDi>acl 
blue  till  both  above  and  below  it. 

It  is  evident  that  there  is  no  way  in  which  the  m»teiial  oompoaiDg 
the  till  jnst  described  could  have  come  into  the  position  ituowoocnpie« 
except  by  a  true  glacial  movement.  The  lower  level  occupied  by  tbe 
strata  of  the  shale  (which  appears  in  the  till  at  Oberlin  in  fragmeats 
as  wellas  in  finely  comminuted  particles)  demonstrates  that  the  transpor- 
tation could  not  have  been  by  floating  ice,  since  with  a  water  level  lo" 
enough  for  the  shale  to  have  been  frozen  into  the  cakes  of  iec  there 
could  not  have  been  depth  enough  to  float  it  over  the  higher  laii<U  l" 

•  Sen  Pre*.  T.  C.  CliaiJibecIiii.  in  Am.  Jimt.  S<;i.,  M  series,  vol.  S7,  1-B4,  pp.  37iK» 
'  III  thirty. eight  ftraiua  of  tbe  material  uru  tweutj-ooe  graius  of  aiiBpendcd  milU' 
ami  Heventui^D  Kraios  nf  umttcr  ton  euurtic  to  l)i^  Bimpi^iiiled  in  waCor.    Uuilvrthe 
micTOHcope  the  HUBpended  matter  UetrayH  its  mechaaical  origin. 

'These  liuoBtODea,  however,  crop  oat  to  tho  northwest  at  SAodnakf,  ud  to  0" 
north  on  the  other  Hide  of  the  lake.  But  takea  in  coanoctioa  with  the  othsr  !ic<* 
appareDt,  we  are  trarranted  in  drawitig  the  inference  that  tlieae  linieBtone  fngmenv 
are  fh>in  the  direotion  of  thf  ice-flow  as  indicated  in  the  abnndant  xtriB  of  (1m  T'- 
cinitf ;  and  there  is  uo  ntasoii  why  thoy  Hlioiild  not  have  come  from  the  level  of  i*i"' 
fragmente  with  which  they  aro  osaiKiiated. 
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south,  where  it  is  uow  foaud.  This  inference  is  confirmed  also  by 
luparative  study  of  drift  deposits  in  the  southern  iK)rtion  of  the 
e. 

16  accompanying  illustration  (plate  I)  shows  perpendicular  expos- 
of  till  on  the  banks  of  Four-mile  Creek,  at  Lane's  Mill,  west  of 
[town,  iu  the  northwest  part  of  Butler  County,  Ohio.  The  height 
^e  bank  is  65  feet  About  half  way  up  from  the  bottom  there 
stratum  about  two  feet  thick,  which  is  partially  stratified ;  but 
I  above  and  below  this  stratum  the  deposit  is  true  till,  being  very 
pact  and  containing  a  great  variety  of  rocky  fragments,  showing 
net  marks  of  glaciation.  The  larger  portion  of  the  rocky  frag- 
ts  consists  of  local  limestones,  and  these  are  abundantly  striated. 
ize  these  fragments  range  from  two  feet  in  diameter  down  to  minute 
icles,  which  are  readily  held  in  solution  in  water.  The  finer  por- 
3  effervesce  readily  in  acids.  This  locality  is  also  that  in  which 
meats  and  logs  of  cedar  wood  are  found  mingled  with  the  till.  Near 
left-hand  corner  a  large  red-cedar  log  was  found  a  few  years  ago  iu 
*esha  condition  that  it  was  manufactured  into  utensils  of  various 
8,  and  it  still  retained  its  peculiar  odor.  Fragments  of  wood  are 
1  projecting   from   the  till    both   above  and  below  the  stratified 

T. 

could  not  detect  any  essential  difiference  between  the  till  at  this  lo- 
y  and  that  described  at  Oberliu,  except  what  would  be  accounted 
>y  the  difference  of  composition  arising  from  the  difference  in  the 
1  material  which  has  been  ground  up  to  constitute  the  matrix.  In 
I  cases  the  material  is  largely  the  product  of  mechanical  rather  than 
nical  disintegration.  Also,  whatever  we  may  say  about  the  strati- 
stratum  in  the  middle  of  the  bank  (shown  in  plate  I),  the  great 
ses  above  and  below  are  clearly  the  direct  deposits  of  a  glacier  and 
deposits  from  floating  ice.  A  second  view  (plate  II)  from  a  locality 
of  Darrtown,  is  of  a  similar  perpendicular  exposure.  The  uustrat- 
i  character  of  the  deposit  is  apparent.  The  cla3'  and  semi-angular 
ments  are  indiscriminately  mixed.  There  is  also  a  well-marked 
lency  in  the  flat  limestone  fragments  in  the  lower  portion  of  the  de- 
t  to  arrange  themselves  horizontally.  This  arrangement,  it  is  true, 
lid,  according  to  mechanical  ])rinciples,  be  that  which  would  obtain 
sase  the  flat  fragments  were  of  uniform  thickness  and  fell  through 
considerable  depth  of  water.  But  the  chances  of  their  being  of 
form  thickness  and  the  improbability  of  their  having  fallen  through 
at  depths  of  water  are  such  that  we  may  take  the  horizontal  arrange- 
it  as  proofs  of  direct  glacial  deposit  rather  than  of  deposit  from 
•ting  ice. 

%ese  instances  are  but  illustrations  of  what  occurs  at  numerous  points 

far  from  the  border  of  the  glaciated  region  as  marked  in  my  map. 

^utially  the  same  characteristics  are  found  at  Avuudale  station, 

Bull.  5a 4 
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within  tho  limits  of  ('iuviuiiuU  it«ull'.  mid  at  North  Bviicl,  on  thpnortb  | 
biiiik  of  thu  Ohio  liivur,  20  uiili'H  west  of  Ciuciunuti,  iti  a  tlviiosit  ISO 
feet  deep. 

SOURCE   OF  BOWLDERS  D«  TUB  TILL. 

Tbo  iiorthorn  origin  of  inucli  of  the  material  compositig  the  dcpoditj 
near  the  margin  of  llm  glaciated  arL-a  is  uumialakabte,  and  sonmot  it 
itt  Kiirprising  both  for  the  distauue  it  has  been  trauKjiorted  anil  fur  the 
Kize  of  the  tuasiiuti  traii»|ioi-led. 

As  yet  there  has  been  no  Hyutematic  aud  coinpletp  couipariHon  of  tb 
bowlders  found  near  the  glaciattMl  margin  and  the  rooky  maitses  I(itli« 
north,  for  the  purpose  of  definitely  locating  tho  origin  of  Uie  traii8|<orlBl 
material,  and  there  is  tmch  a  degree  of  sniierliolnl  reseinblaneo  betwecci 
tho  granitic  foniitirtioUB  in  difl'erent  localltieti  that  no  eoinpariaoii  will  be 
8atisflu^to^y  until  the  sitoeiuiens  have  been  both  ubuuiicaily  anatyityl 
and  examined  under  the  microsoopi'.  Still,  a  Huperflcial  examinalion 
reveals  much  of  oonse<]uence. 

Ill  general  it  ie  manifest  even  to  the  canual  obmirver  tiiat  ovorywkK 
oust  of  the  MiHsi68ippi  River  the  niaterinl  composing  the  till  Uof  uurlh 
eni  origin.  In  Essex  County  Massachusetts,  tho  ImwUlcm  nie  rewliiv 
traeetl  to  localities  in  New  Hampshiro,  some  of  tlieoi  but  a  few  mib 
away,  and  others  from  the  White  Mountain  region,  one  hundred  milvi' 
and  more  distant.  My  attentiou  was  early  attraetvd  throughout  tkil 
region  to  bowlders  of  porphyritic  gneiss  containing  rery  large  ani 
charautoristic  crystals  of  feldspar.  The  nearest  ledges  contaiuiug  tlii:f 
class  of  rock  are  in  the  vicinity  of  Lake  Wiuuipiseogee,  in  New  Baruii' 
shire,  seventy  and  more  milcH  away,  where  the  rock  is  a  marked  fi'^t- 
nre.  So  the  whole  mass  of  drift  covering  Plymouth  Conuty,  Ua^x-i- 
chusetts,  and  that  forming  the  hills  of  Cape  Cod  aud  of  the  islands  t» 
the  south,  is  evidently  of  northern  origin,  aud  much  of  it  from  o" 
great  distance.  Plymouth  Itock  is  a  bowlder  from  the  directioji  «' 
Boston.  Prof.  N.  S.  Shalor  is  able  to  trace  the  bowlders  removed  frui" 
a  small  moniitniu  in  the  north  of  Rhode  Island,  and  to  estimato  ti>vn 
amount  with  such  accuracy  as  approsiniately  to  determine  tbeeiUul 
of  erosion  takiug  place  uuder  a  movement  exlendtug  from  that  po'K' 
to  the  terminal  moraioe.  The  material  occurs  in  a  triangular-8lii)|>^ 
area  to  the  south  with  its  apex  at  the  mountJiiu.  (See  his  fortbcouii"£ 
rejrort.)  The  bowlilers  scattere*!  over  the  surface  of  the  moraine  in 
Loug  Island  consist  largely  of  granite,  gneiss,  hornblende  rock,  mii^ 
slate,  aud  red  sandstone,  which  are  easily  recognized  as  from  *•'!'' 
known  localities  in  Rhode  Island,  Couuccticut,  and  Maasachosetts.' 

Prof.  Dana  has  also  described  many  bowlders  in  the  vicinity  "f 
New  Qaveii  which  have  been  transportefl  from  well  known  trap-dikw. 
sixteen  miles  or  more  distant,  aud  in  a  northeasterly  dircctiou.    0"'' 

'Natural  Hiatory  of  Nen  Yurk,  part  4,  (i(ii>lu;i;,  pari  1,  p.  ISS  elMq. 
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'  these,  called  Judges'  Cave,^  on  West  Rock,  3G5  feet  above  the  sea, 
ust  weigh  a  thousand  tons. 

A  remarkable  train  of  bowlders  in  Bichmond,  Massachasetts,  near 
L6  sammit  of  the  Berkshire  Bills  and  extending  several  miles  was 
Dg  ago  described  by  President  Hitchcock  and  Sir  Charles  Lyell,  and 
ore  recently  and  accurately  by  Mr.  E.  B.  Benton.^ 
In  New  Jersey,  according  to  Prof.  Cook,  the  bowlders  are  readily 
aced  all  along  the  morainic  margin,  as  belonging  to  well  known  oat- 
ops,  of  trap,  blue  limestone,  and  crystalline  rocks  to  the  northwest. 
ear  Drakestowu,  in  Morris  County,  there  is  a  mass  of  blue  limestone 
bich  had  been  worked  for  years  as  a  quarry  without  suspecting  that  it 
Lis  but  a  bowlder.  "As  exposed  it  measures  thirty-six  feet  by  thirty 
et,  and  the  quarrying  has  gone  twenty  feet  in  depth.  Its  vertical 
ameter  is  unknown.  Around  it  there  are  many  gneissic  bowlders 
id  other  drift  materials."^  This  mass  is  about  one  thousand  feet  above 
6  sea  level,  and  its  native  place  must  have  been  some  miles  to  the 
»rtl). 

In  Pennsylvania  the  distance  from  which  the  glacial  material  near 
e  border  of  the  glaciated  region  has  been  transported  becomes  at  once 
3re  evident,  because  of  its  uniikeness  to  the  local  rocks.  West  of  the 
ue  or  Kittatinny  Mountains  there  are  no  crystalline  rocks  in  the 
ate.  Nor  are  there  any  such  rocks  to  the  north  nearer  than  the  Adi- 
udacks  in  New  Yoric,  or  the  highlands  in  northern  Canada.  Tet, 
auitic,  gneissoid,  and  hornblendic  bowlders  abound  all  along  the 
aciated  border,  and  are  an  important  means  of  determining  the 
acial  limit.  In  the  valley  between  Bine  Mountain  and  Pocono  Monn- 
in,  Monroe  County,  and  on  the  summit  of  the  Pocono  plateau,  2,000 
dt  above  the  sea,  granitic  bowlders  from  one  to  three  feet  in 
ameter  are  abundant,  though  mingled  with  great  piles  of  local  frag- 
ents.  The  granite  must  have  been  transported  a  distance  of  250  miles 
least,  and  carried  over  the  summit  of  the  AUeghanies  lying  to  the 
^rthwest,  and  across  the  valley  of  the  Mohawk  in  New  York,  The 
>rthern  tributaries  of  the  West  Branch  of  the  Susquehanna,  likewise, 
*ing  down  into  that  stream  numerous  granitic  pebbles,  showing  that 
le  glacial  deposits  in  Lycoming  County  contain  material  from  the  far 
>rth  which  has  been  carried  bodily  over  the  summit  of  the  AUeghanies. 
n  proceeding  west,  the  granitic  mountains  from  which  that  material 
>uld  come  gradually  recede  to  the  north,  thus  increasing  the  distance 
btween  such  bowlders  and  their  possible  original  home.  From  Sala- 
manca, New  York,  southwestward  to  Cincinnati,  the  whole  country  is 
tierally  covered,  down  to  the  glacial  limit,  with  granitic,  gneissoid,  and 
ornblendic  bowlders.    Near  Salamanca  such  bowlders  abound  at  ele- 


*  See  Am.  Jour.  Sci.,  3d  series,  vol.  2G,  188:J,  p.  :U7. 

^  Lyell's  Antiquity  of  Man,  pp.  355-362 ;  Bull.  Mus.  Comp.  Zool.,  Uarvaivl  Coll.. 
'ol.5,  no.  3,  42  pp.  with  map. 
'  Oeol.  Survey  New  Jersey,  annual  report  State  geologist  for  1B80,  p.  30. 
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vattons  nol  far  from  1,WX)  f«ut  uboVu  tidu  »u(l  TOO  fMt  ubovn  tlic  AUt^ 
glmiiy  Kivcr.  In  UcavKr  Cuuiity  tiiey  iiry  uumuruua  on  tlin  hills  lo 
witbiu  6  or  7  uiile«  of  tUu  Ubio  River,  aud  aevtirul  hundrud  fuut  aboreiu 
It]  ColuiQliiauu  Couuty,  Ohio,  a  gmiiit«  liowldur  wiin  tbiind  uituutiinD;; 
13  by  11  feot  aud  8  feut  out  of  j^round.  Otlierti  were  uotod  luwuiinu); 
8  and  5  fwt  iu  diameter,  iu  thu  euiuio  vicinity  the  till  ouutaiiis  duvl] 
striat<»i  Irag^ents  of  local  Hatidatouo,  mUowiu^  diruct  glacial  actiou 
on  the  i-ocks  of  tU«  vicinity.  In  Uolmes  County,  iningltHl  with  fntg- 
meiita  of  grauiUi  in  the  till,  were  hnWy  potiuhed  and  striiiteil  pcl)- 
btoH  of  Ooniileroua  liuiusloue,  nhitsb  oiuxt  have  l>eeti  lirouftbt  from 
tlie  other  side  of  the  water-ahcd,  in  the  vicinity  of  hake  Erie,  vhicli  in 
1(K>  miles dibtant,  fit-ai' Lancaster,  iu  Fairliehl  OouTity,  therenjagntuitic 
bowlder  measuring  18  by  11  by  6  feet  out  of  ground.  In  Itoiis  Cuaaty, 
iie»r  Adelphi,  Cfaillicotbe,  and  Uaiubridge,  granitic  bowldurH  am  Ibuiiil 
on  the  hills  Iroui  four  to  sis  hundred  feet  above  thi^  valleya,  that  in,  ii[) Ui 
one  thousand  to  twelve  buudrect  feet  above  tide.  A  hurubleudic  bawl<lvr 
S  by  3  by  2  wa8  noted  5o0  feet  alujve  Bainbridge.  In  Brown  and  Cleriuout 
aud  Hamilton  Countiesgranitio  bowhki's  abound  on  the  hillttdownlutlii; 
voryedgeof  the  trough  of  the  Uhio.  Here,  abo,  aie  numerous  Ixiwldere 
of  jasper  conglomerate  from  tlie  region  north  of  Lake  Huron  or  near  the 
lower  end  of  Lake  Superior.  The  variegated  i>Gbble8  of  red  jaeper  and  of 
darker  quartzitea  form  a  striking  feature  iu  the  rocks  of  that  nortbero 
region.  The  bowlders  of  thia  material  found  in  the  viciuity  jnutitbaF« 
been  traneiiorted  uuarly  six  buudred  miles.  Several  bowlders  of  llii& 
description,  from  two  to  three  fe«t  in  diameter,  were  found  in  Boone 
Couuty,  Kentucky,  a  number  of  miles  south  of  the  Ohio  Itiver,  autl  be- 
tween five  aud  six  hundred  feet  above  it.  Bowlders  of  this  jasper  con- 
glomerate are  very  abundant  in  Michigan,  are  not  infrequent  in  nortbero 
Ohio,  and  occur  in  various  localities  in  soutliern  Indiana — one  buiiig 
observed  near  Nashville,  Browu  Couuty,  Indianiv,  near  the  highest  iai"' 
in  Che  State  (almut  eleven  hundred  feet).  Granitic  and  hornbleniliu 
bowlduri)  are  very  abundant  iu  Illinois  as  far  south  as  OarlKmdalei 
Jackson  Couuty,  near  latitude  37'^  35'  north.  The  bed  rock  is  also  ben* 
distinctly  striated,  showing  the  transitortiition  of  bowlders  niustbave 
boon  indeiMindentof  any  stream  of  water.  The  distance  from  this  poi'it 
to  thu  parent  ledges  can  not  be  less  than  60U  miles  to  the  north. 

REGULARITY  OF  DISTRIBUTION  OF  TILL  NEAR  THE  MARGIN. 
(I)   DISTElBtlTION  OF  THE   TILL  EAST  OF  IIIE  ALLEGHANIES, 


Over  New  England  the  natural  iniHiualities  of  the  country  jire partly 
responsible  for  the  irregular  distribution  of  the  till.' 

In  New  Ilampshiro  the  phenomenon  of  a  sloping  mass  of  till  wulli 
of  a  Iwlgo  of  rock  is  frequently  to  bo  noted.  But,  as  if  to  chwli  "* 
hiifity  a  generalizivttoii  ri'specting  the  niiinncr  of  tlieir  formiilioii,  it  I"** 
'  Cltapter  by  Wiurruii  L'liLuiu,  Guuluj^f  of  Xuw  llauipabitc,  vol.  3,  IWS,  pp.  Wfr-*>* 
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SO  to  be  noted  that  in  about  oiie-tliird  of  the  iustanccs  in  which  de- 
38its  of  till  8lo|)e  up  against  a  rocky  eminence  the  till  is  on  thenorth- 
*n  8loi)e  in  the  direction  from  which  the  ice  came.  Moreover,  thcHe 
seamalationa  sometimes  slope  both  ways,  and  what  is  more  remark- 
l>le  stilly  often  surmount  in  symmetrical  form  low  rocky  elevations 
hose  surface  is  finely  polished  and  striated  by  glacial  action.    So  often 

0  these  lenticular-shaped '  masses  of  till  surmount  low  rocky  eminences 
lat  Prof.  Shaler  at  one  time  endeavored  to  explain  their  origin  on 
le  theory  that  they  were  but  the  remnants  of  a  deep  ground  moraine 
'hich  had  originally  covered  the  whole  surface,  but,  during  a  supposed 
epression  of  the  country  to  the  sea-leveL,  had  been  eroded  by  the 
"aves  wherever  they  were  not  protected  by  the  rocky  elevations  at 
tieir  base.'  But  these  lenticular  hills,  or  drumlins,  abound  in  certain 
ortions  of  southeastern  New  England^  and  in  central  New  York  south 
f  Lake  Ontario. 

In  southeastern  New  England  these  lenticular  accumulations  ^'  vary 

1  size  from  a  few  hundred  feet  to  a  third  or  a  half  mile  in  length,  with 
snally  about  half  or  two- thirds  as  great  width.  Their  height,  corres- 
onding  to  their  area,  varies  from  40  or  50  feet  to  150  or  200  feet.  But 
rhatever  may  be  the  size  of  these  hills,  they  are  singularly  alike  in  out- 
ne  and  form,  usually  having  steep  sides,  with  gently  sloping,  rounded 
9ps,  and  presenting  a  very  smooth  and  regular  contour."^ 

The  prevailing  direction  of  the  longer  axis  of  these  hills  is  the  same 
8  that  of  the  glacial  strisB  in  their  vicinity.  In  composition  drumlins 
o  not  differ  materially  from  the  ordinary  deposits  of  till  in  the  same 
egion.  The  material  is  for  the  most  part  unstratified,  the  clay  is  very 
ompact;  striated  stones  are  commingled  with  the  clay  in  every  por- 
ion.  There  are,  however,  in  these  hills,  as  in  the  till  as  ordinarily  ar- 
euiged,  occasional  layers  of  stratified  material,  so  that  water  for  domes- 
io  purposes  is  usually  found  by  sinking  wells  of  no  great  depth.  The 
owlders  upon  the  surface  of  the  lenticular  hills  are  also  both  larger  in 
ize  and  more  angular  in  shape  than  those  in  the  lower  part  of  the 
leposit.  I  have  not  observed  anywhere  in  Ohio,  Indiana  or  Illinois, 
my  marked  tendency  of  the  till  to  assume  this  lenticular  shape.  Nor 
lave  I  been  able  to  detect  any  generic  dilference  between  the  compo- 
(ition  of  these  hills  and  the  general  deposit  of  till  over  the  portion  of 
>he8e  interior  States  which  I  have  surveyed.  At  the  same  time,  it  is 
[>erhaps  worthy  of  note  that  the  total  deposit  in  the  interior  States 
eiverages  a  much  greater  depth  than  in  New  England.  In  Ohio,  as 
already  remarked,  a  reasonable  calculation  makes  the  average  depth 


*  Hence  called  by  Prof.  C.  H.  Hitchcock  "  lonticnlar  hills,"  but  Prof.  Shalor  thinkH 
It  best  to  retain  the  iiaiiio  *Mruniliii8,"  given  to  Hiniilar  accumulations  in  Ireland. 

*  See  Proc.  Boston  Soc.Nat.  Hi«t.,  vol.  1.3,  pp.  19<>-203. 

*8ee  Uphain,  Geol.  Now  IlampRhire,  vol.  3,  pp.  285-:J09 ;  glacial  drift  in  Boston  and 
▼^cinity,  Proc.  Boat.  Soc.  Nat.  Hist.,  vol.  20,  pp.  220-234. 
^Upham,  Geol.  New  Hampshire,  vol.  3,  p.  2HH. 
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of  th«  till  apwATiU  of  .lit  f(wt^  wliilo  iti  Nuw  llnmpHbire  Mr.  TTitli) 
eslJmiitoK  tlmt  tli«  vrb»lu  tleponit  if  rvenly  R))n>:ul  out  would  m>t  cxi*«l 
>il  uvoriL^^  tif  10  fi>el.  Itnt  Mr.  ITpliiuu  now  iriibntis  mo  thai,  Ito  tliiriku 
hl»  Biirly  t'stiinato  numli  too  small.  Tliis  dlffercuco  may  bw  acoounlwl 
for  in  two  ways:  first,  tlierotiks  from  which  th«  till  of  New  England  ia 
ileriviHl  arfl  niatnly  orystallini',  and  hcnuv  of  Armor  texture  than  tJuwe 
Ihim  which  the  uiaturial  of  tlit^  till  near  th«  margiu  of  the  glacial  limit 
in  the  interior  is  tlvrivcd.  The  HandHtoues,  nhaleH,  anil  Hmetitonet  of 
the  interior  wonld  much  more  rea*Hly  yield  to  the  dininte^ating  In. 
flueucvH  of  glacial  action  than  the  graiiito  and  grioiss  of  the  eiwt  wuriM 
do.  Ill  the  second  place,  the  depth  of  the  depoiiit  is  ordinarily  ureater 
o\'cr  tho  Houthem  portion  of  the  glaciated  region  tbau  over  the  north- 
ern, BO  that  the  deposits  in  Masnachusetta  are  noticeably  greater  tban 
thoHe  in  New  Hampsliiro  for  which  Mr.  tJpIiam  made  bin  cii]ctilatioD«. 

The  region  under  my  immediate  investijrrttion  in  the  interior  Stfttad 
perhapR  eorrespondt^,  in  it«  jiroxiniity  to  the  glacial  margin,  mow 
nearly  with  thoaouthern  jxtrtion  of  New  England. 

Tlie  extreme  Rontbern  portion  of  New  England  and  Long  lalanil  are 
chanictcrized  by  massive  and  irregidar  deposits  of  glaciat«'d  maturial. 
The  baektwue  of  Ca])e  God  coneistii  of  a  line  of  hills  from  out>  tn 
three  hundred  feet  in  height  and  from  one  to  three  miles  in  brewlth, 
flankt^l  on  the  soathern  side  by  extensive  deposits  of  water- worn  m* 
terial.  In  contonr  and  compositiotj  these  hills  very  much  restmble  th* 
kettle  moraine  of  WisconaiQ  as  described  by  President  Obamlieriin. 
According  to  my  own  observation,  however,  the  terminal  depoeite  in 
soathern  New  Englanil  are  composed  of  less  water-worn  material  und 
contain  more  striated  stones  tlian  the  corresponding  formalioa  m 
Wisconsin.  But  like  the  kettle  moraine,  this  line  of  deposits  ou  the 
soathern  bonier  of  New  England,  abounds  in  kettle-holes  of  allsi»!!< 
and  is  composed  of  transported  material  loosely  thrown  togt'tber. 
That  the  deposit  on  Cape  Cod  is  not  truly  terminal,  however,  apjiears 
from  the  fact  that  the  islands  to  the  south  are  composed  of  similar 
deposits.  Nantucket,  Martha's  Vineyard,  the  Elizabeth  Islands,  and 
many  smaller  inlands  between,  are  but  the  summits  of  submcrprf 
morainic  deposits  of  unknown  depth.'  Farther  west  this  same  lino  of 
morainic  bills  continues,  appearing  near  Point  Judith  in  Khode  [slaml, 
iind  running  to  Watch  Ilill,  and  thence  tbtough  Plum  lalaiiil  and 
Fisher's  Island  to  the  north  shore  of  Long  Island  as  far  west  as  Fort 
•TefFexson,  where  it  disai>peara.  The  parallel  lines  of  hills,  after  fonn- 
ing  the  irregular  outline  of  No  Man's  Land,  Block  Island,  and  th* 
eastern  part  of  Long  Island  from  MontJiuk  Point  westward  to  Sag 
Harbor  and  Koslyu,  continues  to  be  the  chief  feature  of  tho  comiUry  W 
far  as  Fort  Hamilton  and  Statcn  Island,  south  of  New  Tork  City.' 

I  For  dotwriptinn  km  Cjiliam,  Gcol.  New  Htiiiipshiro,  vol.  :i,  ])p.  :I01-.1(K,  uil  K  f- 
EooiiM,  Am,  Jonr.  Sni.,  l»A,  'M  Bories,  rol.  37,  pp.  26'>-3G4 ;  3d  seritw,  vol.  0, 1^ 

pp.  4«MHr>. 

•Si'o  rphmii,  Am.  J-iiir.  S.^i.,  M  swini-,  vol.  In,  pp.  SB,  198. 
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NEW  JERSEY. 

Across  New  Jersey  the  aecuniulution  of  loose  mid  ^1a<;iatecl  material 
ronght  from  the  north  is  well  uiarkeil  down  to  the  very  margin  of  any 
gDS  of  glaciatioD  whatever.  But  the  terminal  deposit  is  not  relatively 
>  excessive  as  along  the  regiou  eastward  throagh  Long  Island  and 
ape  Ood.  On  crossing  the  Delaware  River  at  Belvidere,  and  through- 
it  the  whole  region  westward,  the  relative  inferiority  of  the  extreme 
larginal  deposit  is  still  more  marked,  except  in  a  few  localities,  which 
ay  best  be  mentioned  in  this  connection. 

PENNSYLVANIA. 

In  Northampton  County ,  Pennsylvania^  just  west  of  the  Delaware 
iver,  the  character  and  extent  of  the  glacial  deposit  continues  very 
inch  as  in  ^N'ew  Jersey.  Near  Middagh's,  the  most  southern  point  of 
lacial  signs  in  the  county,  the  deposit  is  certainly  as  much  as  fifty 
let  iD  depth,  and  is,  without  question,  till.  This  is  about  six  miles 
est  of  the  river,  and  is  625  feet  above  it.  Nearer  the  mountain,  not 
\x  from  Bangor,  the  marginal  deposit  is,  even  at  a  still  greater  eleva- 
on,  from  one  to  two  hundred  feet  in  thickness,  and  for  a  mile  or 
lore  is  dotted  with  kettle-holes. 

Monroe  County  spans  a  section  east  and  west  from  the  summit  of  the 
lue  Moantains  to  the  summit  of  Pocono  Mountain  and  the  western 
drder  of  the  Pocono  plateau  looking  towards  the  Lehigh  River,  a  dis- 
mce  of  30  miles.  The  elevation  of  the  Blue  Mountains  is  in  round 
ambers  1,400  feet  above  tide;  that  of  the  Pocono  plateau,  2,000  feet 
he  valley  between  them  is  about  eight  miles  wide,  and  is  but  620  feet 
bove  tide.  At  Saylorsburgh,  in  the  middle  of  this  valley,  there  are 
Ktensive  kettle-holes,  and  the  deposit  of  till  is  very  deep  (Prof.  Lewis 
itimates  it  as  "several  hundred  feet")  and  covered  with  large  bowl- 
ers, some  of  which  are  from  the  Adirondacks,  250  miles  away.  Five 
r  six  miles  away,  on  the  summit  ofHhe  Pocono  plateau,  1,400  feet 
igher,  the  marginal  deposit  is  equally  remarkable.  For  many  miles 
I  width  a  level,  sandy  plain  extends  in  all  directions.  The  soil  over 
bat  portion  of  it  situated  south  of  the  glaciated  region  is  thin*,  being 
omposed  simply  of  the  superficial  disintegration  of  the  compact  Po- 
ono  sandstone.  Upon  going  north  in  Tunkhannock  township,  one 
addenly  strikes  into  a  glacial  accumulation  (near  the  boundary  of 
!obyhanna  township),  which  is  remarkable  at  once  for  its  length,  its 
eight,  its  composition,  and  the  abruptness  of  its  southern  margin, 
^or  a  distance  of  about  twelve  miles  the  accumulation  forms  a  marked 
eature  of  the  landscape,  and  is  known  in  the  locality  as  "  Long  Ridge.*^ 
liis  is  tmly  morainic  in  character,  is  one  hundred  feet  or  more  high, 
onsists  of  a  confused  collection  of  bowlders  (some  of  granitic  character 
torn  the  far  north),  and  incloses  near  its  margin  numerous  small  lakes 
?hich  have  no  outlet.  These  are  neither  more  nor  less  than  kettle- 
loles,  and  they  are  specially  remarkable  from  the  fact  that  some  of 
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Ilicrii  nro  iiOiir  the  riutcm  inarRin  of  tlm  pluti'an,  which  li('rt>  ritniis  an 
csutii piuout  of  Mtvfial  liiiiulreil  fui't.  A  li^tl(^  fAiliittr  we^t  tliin  inomme 
HO  ottHtruorit  tilt'  niiMi'ts  of  iM^verul  Krnall  Htrt^iirnit  llowiug  norttiwan)  M 
U>  form  small  lakei*  tu  Uw  sontU  of  it.' 

Luzerne  Vownlg. — It  i»  uiiiieceRsary  to  do  inoru  tliiui  merely  mention 
a  few  other  iilavos  in  IVimaylvaiiiawUere  tlie  abniptnesa  snil  aniouDt 
of  tb«  terminal  acciimuIatioiKt  are  noteworthy.  Hut  it  may  t>e  well 
U)  iiot«  that  upou  thti  wo>Rt«i'ii  flaiiliH  of  the  mountain  in  Liuenie 
County,  betweeu  the  Ijehi^h  ami  the  Sus4]nehaniiH  Bivere,  the  auntJi- 
ern-niargiu  of  {^lucial  action  is  vt^ry  sharply  dclined,  so  that,  aowni- 
ing  to  Prof.  Lewis,'  the  sontliern  limit  of  the  glaeier  can  be  determitint 
to  within  a  few  yards.  This  aecum illations  in  the  valley  of  tho  SorOi 
Branch  of  the  Susquehanna,  alwve  Beach  Ilaveii,  are  also  very  larga, 
and  are  unqnestiouably  a  diivct  glacial  deposit,  as  can  be  seen  to  good 
eB'ect  by  comparing  them  with  the  material  near  tho  river,  at  and 
below  the  intersection  of  the  glacial  border,  where  extensive  terraces, 
75  feet  high,  line  the  stream  fur  one-fonrth  a  mile  on  either  giilck 
Beach  Daveu  is  but  530  feet  above  fide. 

Columbia  Count]/. — Anotlicr  striking  mass  of  glaciated  material  in 
the  same  vicinity  occurs  in  iSugarloaf  towosbip,  Colombia  Coanty. 
This  is  in  the  valley  of  Fishing  Creek,  west  of  IShackshinny  Mount 
aJn.  The  valley  is  filled  from  side  to  side  with  a  bcterogeneouii  col- 
lection of  large  sandslone  and  conglomerate  bowlders  (some  of  tbem 
six  feet  in  diameter),  mingled  with  uustratified  liner  material,  and  to) 
depth  of  seventy-five  feet  or  more.  This  deposit  extends  several  roilM 
south  on  the  east  side  of  the  valley,  b[\t  is  entirely  absent  south  of  tbiH 
point  on  the  western  side.  The  elevation  of  the  valley  is  about  odd 
tbonsand  feet  above  tide.  The  Alleghany  Mountain  rises  1,100  feet 
higher  four  miles  to  the  north.  This  is  but  four  or  five  miles  south  of 
the  stri:e  on  the  summit  of  the  mountain,  mentioned  on  p.  4U.  A  fev 
miles  west  of  this  point  the  signs  of  glaciation  cease. 

Lycoming  County. — On  the  summit  of  the  Alleghany  Range,  new 
Ralston,  in  Lycoming  County,  the  deposits  are  tbick  ou  the  highland* 
east  of  Lycoming  Ci'cek,  and  about  eight  hundred  or  one  tbouiuiml  fwt 
above  it.  lint  the  narrow  valley  itself  contains  nothing  but  water- 
worn  material,  liotb  to  the  south  and  for  several  miles  to  the  uortli  oi 
Balston. 


In  Catt^travgus  County,  Netv  York,  the  terminal  deposits  are  speciatly 
abundant  in  the  township  of  Great  Valley  south  of  ElIicot(«\ilie  and 
nimn  tlie  hills  south  of  Randolph.  Great  Valley,  Just  south  of  the  vil- 
lage of  Peth,  is  filled  with  till  ftom  side  to  side  (about  oue-eigbtb  o(a 
mile)  to  a  depth  of  at  least  CO  feet  and  for  a  longdistance.  Scratched 
fragments  and  j>ebblei4  of  granite  and  gneiss  are  abundant  in  tbeile- 

•  SvcoQil  Oool.  Rnrvcy  Ppnoflylvnain,  Z,  pp.  74-78.  '  lliia,  p.  103. 
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sitat  this  point  and  to  the  nortli,  but  to  tiio  south  there  is  nothing;  in 
)  Tailcy  except  water- worn  material  arrani^ed  in  regular  terraces.  At 
aambargh,  about  20  miles  further  west,  in  the  old  valley  east  of  Ban- 
Iph,  wells  penetrate  the  stratified  gravel  70  feet  without  reaching 
ikf  and  probably  would  have  to  go  much  deeper  to  reach  it.  This  was 
>bably,  according  to  Prof.  Garll,^  the  preglacial  outlet  of  the  Upper 
leghany  River,  which  is  known  not  to  have  flowed  at  that  time  south 
Warren,  Pennsylvania,  since  its  upper  and  buried  channel  is  much 
)per  than  that  below  Warren. 

(2)  DISTBIBUTION  OF  THE  TILL  WEST  OF  THE  ALLEGHANIES. 

GKNSRAL  REMARKS. 

n  considering  the  glacial  deposits  of  western  Pennsylvania  and  of 
teru  and  southern  Ohio  it  is  important  to  bear  in  mind  the  oiHlinary 
nation  of  the  country  above  tide  and  its  preglacial  condition.    From 
amanca,  New  York,  to  Cincinnati,  Ohio  (a  distance  in  a  straight  line 
ibout  380  miles),  the  general  course  of  the  glacial  boundary  is  south- 
St,  and  is  approximately  parallel  with  the  axis  of  the  Appalachian 
tantains,  and  continues  throughout  not  far  from  the  northwest  out- 
p  of  the  Appalachian  coal-flelds,  being  inside  the  line  of  outcrop  as 
as  Knox  County,  Ohio,  and  from  thence  to  the  Ohio  Biver  in  Brown 
anty,  passing  over  a  country  charaoterized  by  extensive  outcrops  of 
iverly  sandstone.    Over  all  this  region  preglacial  erosion  had  been 
fit  extensive,  as  is  evident  to  a  superficial  observer,  from  the  long, 
)p  channels  cut  by  all  the  streams  through  the  coal  measures  outside 
)  glacial  limit,  and  where  there  has  been  little  to  disguise  the  effect  of 
8 long-continued  erosion.   The  Ohio  Biver,  from  Louisville,  Kentucky, 
to  Pittsburgh,  Pennsylvania,  occupies  a  valley  of  erosion  averaging 
out  a  mile  in  width,  and  bordered  on  eai*.h  side  by  parallel  horizontal 
ata  of  rock  rising  in  nearly  perpendicular  bluffs  from  three  to  five 
ndred  feet  in  height.    The  same  trough  continues  in  similar  propor- 
'D8  up  the  Alleghany  Biver  lo  near  its  source,  except  that  it  is  nar- 
wev  and  in  its  upper  portions  deeper.    Furthermore,  deep  as  is  this 
lley,  there  is  abundant  evidence  that  before  the  glacial  period  it  was 
11  deeper,  it  having  been  filled  up,  as  estimated  by  Newberry,^  more 
an  one  hundred  and  fifty  feet  by  a  postglacial  river  deposit.     For 
ample,  at  Cincinnati  the  gravel  and  sand  have  been  repeatedly  pene- 
Ued  to  a  depth  of  more  than  one  hundred  feet  below  the  bottom  of 
B  river  without  reaching  the  rock.    At  New  Philadelphia,  Tuscarawas 
mnty,  Ohio,  borings  show  that  the  old  bottom  of  the  Tuscarawas 
ver  was  175  feet  below  its  present  depth.    Near  New  Castle,  Pennsyl- 
oia,  the  bottom  of  the  old  trough  of  Beaver  Creek  is  shown  to  be  150 
Jt  below  the  present  bottom. 


^  Second  Gool.  Survey  PoiiiiHylvniiia,  III,  pp.  3IJ0-439. 
«Geol.  Survey,  Ohio,  vol.  2,  pp.  1-80. 
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In  tho  Kflmo  manner  hII  tiio  atn-'iitoH  tTibutary  to  the  Oltio  occiijiy 
row,  dwp  valleys  of  proBimi,  I'litiroly  liuvoid  of  walerfalUi,  t«liu»inj:tlii 
in  all  cjiKOM  tli(.-,v  liuve  Ixt-ii  at.  work  in  tlicir  (iresent  v.i!I«>'b  froiii 
Tory  earliest  times.    The  dilference  between  tlie  elevation  of  tfaeoiai 
try  about  Salamanca  and  that  at  Citicintiati  eorree]Hin4lt)  very  niMit 
wttb  tbe  f»tl  of  the  Alleghany  and  the  Ohio  Kivers  between  those  point 
Tho  Allepbany  Eiver  at  Sahimanca  i«  l.SfiO  feet  above  tide.    The  connti 
to  tho  north  and  west  is  abont  1,0(W  feet  abox'c  tide.    Tbe  Ohio  fiivpTi 
Oiijeinn^ti  ia  447  feet  above  tide.    Tbe  elevation  of  the  RurronmlingtMil 
try  18  between  nine  hundred  and  one  thonsand  feet  above  tide.    Sortb  ( 
the  glacial  limit  there  is  every  reason  to  onppose  that  pre(;lacial 
had  produced  cS'ects  corresponding  to  what  is  now  visible  tbroiig!ioa 
8onthua»tern  Ohio,  Boathwcstern  Pennsylvania,  and  West  Vir^nia. 
to  a  groat  extent  these  prefrli^*^'^'  channels  bave  been  completely  fllta 
np  with  till,  so  as  to  make  important  changes  in  the  line  of  drainage  an 
togiveanentirelydifferent  aspect  to  the  whole  glaciated  region  ^m 
borne  by  tbe  oonntry  outside  of  the  limit.    Indeed,  as  retnarketl  abon 
Uio  glacial  boundary  throughout  southwestern  Ohio  and  the  whole 
Indiana  and  Illinois  corresponds  very  closely  with  the  boondary  of  tJ 
prairie  region  in  those  Stutes,  ho  that  the  nntural  scenery,  the  charuH 
of  the  soil,  the  water  supply,  and  nearly  all  the  elements  determinii 
the  vast  agrictiltural  interests  of  those  Statetn  have  been  prodnceill 
tbe  ice  movement  during  the  glacial  period.    The  till  which  is  sprei 
over  this  area  represents  what  Kew  berry  wills  "  the  grist "  of  the  omI 
nental  glacier,  and  altogether  constitutes  an  immense  mass,  amoatitii 
in  Ohio  ivlone  to  a  stratum  averaging  more  than  sixty  feet  in  depth  ova' 
about  twenty-live  thousand  square  miles.     As  compared  with  thedfr 
posits  in  New  England,  tbia  is  so  nearly  uniform  in  its  deposition  tbatiC 
baa  Iwen  beyond  my  power,  if  not  my  province,  to  trace  any  extenfflVi 
system  in  tbe  irregnlarities  which  appear.    The  results  of  the  atlemptW 
trace  such  a  system  are  given  by  President  Chamberlin,'    I  will  coiitflrt' 
myself  with  briefly  in<lieating  the  approximate  amonut  of  deposition 
along  a  belt  from  ten  to  twenty  miles  wide,  forming  the  southern  niu) 
eastern  margin  from  Salamanca,  New  York,  to  the  Mississippi  UJver, 
(ahiog  the  coanties  in  order. 

pBHHayi-VANU, 

Warren  Oovrttt/. — In  theConewaugo  Valley  above  Warren,  in  Warren 
County,  the  glat:ialaecuuinlatious  are  very  marked,  filling  it  from  side  b> 
Bide,  forming  a  well-defiued  ridge  rising  abruptly  about  seventy  feet"" 
its  northern  side,  near  Ackley  StatJou.  For  about  two  miles  the  matefiw 
of  this  deposit  is  clearly  till,  but  it  gradnally  changes  into  water-wrn 
material,  which  is  spread  along  the  margin  of  the  stream  as  a  regolar 
terrace.    This  morainio deposit  rises  diagoually  upon  the  flanks  oftl"' 

'  PrBliminary  pafier  ou  tlio  toniiinikl  iiinniiDd  uf  tlio  sucnnd  glacial  opoch,  1^ 
Anauiil  Ileport  U. S. (iooUitjirnI  Si>rvo}-,|>|>.:t:i()-:t:^'^i,:}:l9,:MI.  I 
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hill  to  tbe  east  for  a  long  distance  and  to  a  heiglith  of  several  hundred 
fset .  Upon  tlie  west  side  of  the  valley  the  glacial  deposits  are  de('i>  all 
over  the  uorthern  tier  of  townships  Iroiu  Vine  (}rove  westward,  and 
tb^  appear  as  if  pushed  up  to  the  watershed  between  Lake  Erie  and  the 
All^hauy,  which  is  here  1,90()  feet  above  the  sea,  more  than  1,200 
above  the  lake^  and  about  700  above  the  Alleghany. 

The  till  in  many  places  is  certainly  twenty-five  feet  in  depth,  and  ex- 
tends in  a  continuous  sheet  northward  as  far  as  Jamestown,  New  York. 
Ills  poshed  far  op  upon  the  northern  slope  of  Pike's  Kidge,  in  Sugar 
Qiove  township,  Pennsylvania,  to  a  height  of  about  four  hundred  feet 
above  the  country  to  the  north.  In  the  southwest  part  of  the  county 
gnmitic  bowlders  and  striated  stones  are  numerous  upon  the  high  land 
in  the  sonthern  part  of  Deerfield  township.  This  is  several  miles  nearer 
the  Alleghany  Biver  than  the  line  as  determined  by  Prof.  Lewis  and 
Byself  in  1881  for  the  Pennsylvania  Survey. 

Venango  County  contains  a  glacial  deposit  of  considerable  depth  near 
its  western  border;  but  the  deep  accumulations  are  for  the  most  part  in 
tht  valleys  now  occupied  by  streams.  Here  also,  as  in  Warren  County, 
the  glacial  limit  must  be  put  several  miles  nearer  the  Alleghany  River 
than  as  delineated  by  Prof.  Lewis  and  myself  in  1881.  Granitic  bowl- 
den  and  striated  pebbles  abound  in  Cherry  Tree,  Oakland,  Sugar  Creek, 
and  Sandy  Greek  townships,  at  an  elevation  of  about  six  hundred  feet 
ibovetbe  river  and  about  one  thousand  seven  hundred  feet  above  tide. 

Crawford  County  lies  wholly  within  the  glacial  limit,  and  with  the 
ttoeption  of  its  southeastern  portion  is  uniformly  and  deeply  covered 
withtUL 

Mercer  County  also  lies  wholly  within  the  glaciated  area,  and  is  deeply 
oorered  with  till,  except  upon  its  higher  summits,  which  contain  numer- 
ous glacial  strise. 

Butler  County. — The  glacial  limit  barely  grazes  the  northwestern  por- 
tion of  Botler  County,  passing  through  Mercer,  Slippery  liock,  an<l 
Worth  townships.  Granitic  bowlders  are  numerous  down  to  very  near 
the  margin. 

Lawrence  County  is  completely  enveloped  in  till,  with  the  exception 
ofthe  two  southeast  townships.  The  depth  of  the  till,  even  upon  the 
higher  lands,  as  at  Mount  Jackson,  certainly  ai)i)roaches  fK)  feet. 

Beaver  County, — Till  is  pretty  deep  over  tbe  extreme  north  wesUM-n 
pert  of  Beaver  County,  in  Darlington  township.  Bowlders  and  thin  de- 
pemts  of  till  are  found  upon  the  highlands  ten  miles  farther  south,  to 
vithin  about  ten  miles  of  the  Ohio  River,  but  none  could  be  found  upon 
the  high  land  beyond  those  points.  The  bowlders  found  in  the  terraces 
•tthe  mouth  of  Beaver  Creek  were  transported  down  the  stream  by 
^ater. 

OHIO. 

Columbiana  County.— Tho.  northern  half  of  Columbiana  County  is 
^^ly  covered  with  till,  while  it  is  entirely  absent  in  the  southern  half. 


THE  QlJVCIAl,   HOIWDABY. 

Within  two  miW  of  the  southeni  bonmLtry  nf  tlte  depowir,  in  thf  mvA 
wi-HttTn  UiniiKlii)!,  tlie  till  Ik  tlirnwn  u(>  Info  Iiiiriiiriouks,  aidI  IiiuIimul 
kettl«-boI«R  of  moderate  size  cpun  tliw  highi-Ht  lni<i),ruiiHtitaTiii{;»ttfaiit 
point  the  water  Hhfd  betweeu  the  Mahuuiiif;  iiiiil  tlio  Tnm^aniwaa  Hw 
ere.  Wells  are  rt^jtorted  as  peuetratitif^  the  till  fK)  feet  witliout  re-wliinn 
roek.  Thnmghoiit  tlie  country,  espeeially  in  the  eastern  part,  granitic 
bowhient  are  fomul  upon  the  high  tand»  along  a  lielt  Tniir  or  five  tnll«i 
sonll)  of  the  deeper  deposit. 

Stark  County  m  deeply  enveloped  in  till  all  over  itR  northern  nvA 
western  half,  while  thenouthcaKterupart  is  completely  devoid  of  gitria) 
marks.  Two  or  three  miles  west  of  Canton  there  is  a  remarkable 
of  ridges  and  kettle-holes,  ending  in  Bnck  Bidge,  which  rises  85  feet 
of  an  extensive  gravel  plain,  with  a  base  of  67(1  feet,  and  ascending  frnn 
the  eaat  side  with  a  alo[>e  from  18°  to  '2!P.  Thia  kame — for  so  it  pnip- 
erly  is — is  coarsely  stratiBod,  and  contains  mauy  granitic  pehblex  and 
bowlders.  One  bowlder,  about  the  middle  of  a  cross-section  half  wayirp, 
menHured  nearly  five  feet  in  diameter.  To  the  north  the  ridge  continue 
to  an  indefinite  distance,  inclosing  large  kettle-boles.  One  of  these  wu 
30(1  feet  long  and  40  feet,  deep,  with  the  bifnrcated  edges  of  the  riOf;^  w 
its  rim.  This  seems  to  t>e  the  southern  extension  of  the  large  kame-tike 
deposits  which  abound  between  Akron  and  Ha\'enna,  upon  the  vault- 
shed  between  tbeOnyaboga  and  the  Nimishillin,  about  tweQty-fl\'e  mild 
to  the  north.  The  numerous  lakes  tbrooghont  that  region  are  all  "kettle 
holes."  Thr  estT'euio  sotitlnvesteni  |iart_of  Stark  Comity  in  dwpiv  ms- 
ered  with  till,  and  there  is  an  immense  kaine  like  nccnmulatiou  rear 
the  Tuscarawas  Iliver,  and  rising  154  feet  above  it,  in  the  southern  part 
of  Bethlehem  township. 

Holme*  County. — The  northern  half  of  Holmes  County  is  deeply  cor- 
ered  with  till,  while  it  is  completely  absent  in  the  southern  half,  anJ 
the  line  is  very  sharply  defined.  The  Killbuck  River  divides  the  connty 
into  two  equal  portions  east  and  west,  occupying  a,  valley  about  a  mils 
in  width,  and  about  500  feet  below  the  general  level.  The  sonthern 
half  of  the  county  is  very  much  broken,  being  everywhere  cut  up  iiiW 
deep  gorges  by  the  streams.  Throughout  the  northern  half,  tliese 
gorges  have  been  entirely  obliterated  by  the  glacial  deposits.  Deiiosils 
of  till  from  twenty-five  to  thirty  feet  in  depth  appear  at  numerons  places 
near  the  highest  land  in  the  county.  In  a  broad  place  where  these  small 
streams  unite  in  the  valley,  five  mites  north  of  Millersburgh,  is  a  kamf- 
like  accumulation  rising  125  feet  above  the  stream,  containing  scratehed 
stones.  Sear  Millersburgh  a  cut  in  the  till  showed  avery  fresh  appear- 
ance liO  feet  imluw  the  surface,  there  being  no  signs  of  oxidation  at  that 
depth.  There  are  extensive  terraces  on  the  Killbuck  River  near  Kiil- 
buck  post-oflfice,  rising  120  feet  above  the  river. 

Knox  County. — All  but  the  extreme  eastern  portion  of  Knox  County 
is  deeply  envclo|>ed  in  till.  The  glacial  boundary  is  here  running  a  fev 
degrees  west  of  south.    At  Danville,  wells  were  reported  penetrating 
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126  feet  (probably  in  a  preglacial  chaunel)  through  ycHow  clay,  blue 
slay,  gravel,  quicksaiidf  and  cemented  gravel  without  reaching  rock. 
the  railroad  cut  shows  glaciated  material  from  twenty-five  to  forty  feet 
leep  for  a  distance  of  about  400  yards.  This  is  on  the  extreme  eastern 
imit  of  the  glaciated  area. 

Licking  County  is  enveloped  with  till  to  a  depth  of  fifteen  to  thirty 
tet  west  of  the  two  eastern  tiers  o(  townships,  and  the  fringe  of  scattered 
facial  deposits  outside  is  narrow. 

Perry  County  lies  wholly  outside  of  the  glaciated  region,  with  the  ex- 
septiou  of  the  northwestern  township,  where,  at  Thornville,  the  glacial 
leix)sit  ni)on  the  hills  south  of  the  old  reservoir  is  certainly  35  feet  in 
leptb.    Large  bowlders  are  numerous. 

Fairfield  County  is  deeply  covered  with  till,  with  the  exception  of  its 
direeor  four  southeast  townships,  which  in  plac  s  very  near  the  mar- 
jCiD  16  certainly  40  feet  in  depth  at  an  elevation  of  450  feet  above  the 
ADal  at  Lancaster. 

JBoM  County. — ^The  glacial  limit  passes  through  Eoss  County  diago- 
lallyfrom  uortheast  to  southwest.  The  accumulations  at  Adelphi,  in 
Jie  extreme  northeast  corner  of  the  county,  in  the  valley  of  Salt  Creek, 
ire  in  general  very  fresh  in  appearance  and  show  an  exposure  of  188 
Vet.  The  same  formation  rises  to  2(H)  feet  a  mile  or  two  west.  A  few 
nattered  pebbles  of  granite  were  found  three  or  four  miles  outside  of  this 
ifflit  upon  hills  400  ieet  above  Salt  Creek,  and  glacial  iiccumulations  are 
xmtinnous  in  the  Scioto  Valley  to  Circleville.  In  Green  township,  in  the 
sastem  part  of  the  Scioto  Valley,  there  are  immense  kame-like  ridges  of 
^vel  largely  composed  of  limestone  fragments,  rising  150  feet  (barom- 
)ter)above  the  plain.  Near  Lattas  P.  O.,  in  Twin  township — 550  feet  (ba- 
n>ineter)  above  the  Scioto  Valley  at  Chillicothe — a  well  upon  the  farm  of 
I.  licCounell  penetrated  till  31  feet  (12  feet  yellow  clay,  4  feet  blue  clay, 
lUfeet  yellow  clay,  5  feet  gravel).  Three  miles  north  of  this  is  a  broad 
iralley  400  feet  lower.  Wood  was  fuund  in  this  well  in  the  clay  13  feet 
Btoiu  the  surface.  Scattered  glacial  deposits  upon  the  summit  are  found 
three  or  four  miles  farther  south;  but  the  deposit  continues  at  a  great 
lepth  to  the  west  as  far  as  Highland  County.^ 

Highland  County  is  completely  enveloped  in  till,  with  the  exception  of 
its  southeast  corner.  Over  the  northern  and  western  half  the  deposit 
is  deep,  but  rather  thin  southeast  of  Hillsborough.  A  mile  or  two  south 
of  Hillsborough  there  is  an  extensive  deposit,  about  40  feet  thick,  of  ce- 
Biented  gravel  containing  granitic  pebbles,  having  nearly  the  elevation 
of  Hillsborough  itself,  which  is  500  feet  above  Chillicothe,  and  700  feet 
above  low  water  at  Cincinnati,  1,135  above  tide. 

Broum  and  Clernwnt  Counties  are  deeply  covered  with  till  over  their 
iK>rthem  portion,  and  glacial  deposits  are  more  or  less  marked  down  to 
theOhio  Biver  as  far  east  as  Ea<;le  Or(»ek,  Hro wii  (^on  nty .    In  the  sontli- 

'  For  farther  particular  coiicuruiu^  thu  dcpositti  iu  tliiii  couuty  aloug  Paint  Creek 
p.  US. 
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erii  part  of  tliewo  counties  tlio  till  is  preltj'  ganenilly  of  a  itnliiiah  color, 
sbowing  tliorougti  axitlatiun.  Lewis  aud  Pleasant  town«Uip8,  in  Brom 
Oouiity,  ou  the  OLio  Kiver,  abouud  in  the^u  deposits  of  till  don-n  totim 
very  margin  of  the  trough  of  tlieOiiio,  where  the  geueral  level  is  fro 
400  to  450  feet  above  the  river.  Niiinuroua  depositB  wittiin  a  mile 
the  escarpmi^nt  were  noted  from  ten  t«  twenty  feet  in  depth,  aiid  wif 
Cained  granite  bowhlers  three  or  four  feet  in  diauietec. 

Ncfirly  [.he  entire  water-sheil,  many  miles  in  width,  ea»t  and  soiitli 
thu  East  Fork  of  the  Little  Miami,  and  occupying  und  uuvurin^the 
western  part  of  Hichliind,  the  northern  part  of  Brown,  und  the  Bontli- 
«rn  part  of  Clermont  County,  and  lying  from  400  to  500  feet  above  the 
Oiiio  Kiver,  is  eovereil  by  a  level  and  nuiform  deposit  of  loiuny  soil, 
and  light  uolored  at  the  top,  with  gravel  toward  the  bottom  from  tlirw 
to  seven  feet  deep.  Grauite  is  a  fre<iueut  couxtilueut  of  the  gravel,  tl 
surface  is  a  dead  level,  and  the  land  is  difiicult  to  drain.  The  dcfms 
is  similar  in  every  essential  respect  to  those  afterward  to  be  descri)i«l 
in  ttie  southeastern  counties  of  Indiana  and  over  n  large  part  of  tb4 
southern  portion  of  the  glaciated  region  in  Illinois.  The  tine  deposit  ul 
the  surface  is  in  these  couuties  thin,  being  soarcely  ever  more  than  tm 
or  three  feet  in  thickness,  and  resembles  in  composition  the  up(>er  jiait 
of  the  loess  appearing  so  extensively  in  Illinois  and  failher  west. 

Samilton  County. — Clearly  marked  glacial  deposits  are  by 
continnouB  over  Hamilton  County,  but  they  are  scattered  over  it  in  » 
Homowhiit  pt-rjdexiiig  maiMRir.  In  Anderson  township,  in  the  souili- 
eastern  wrner  of  the  county,  upon  the  Ohio  Itiver,  mnch  of  the  ele- 
vated portion  of  the  country  (375  feet  above  the  river)  is  covered  with  liil 
from  15  to  20  feet  in  depth,  and  granitic  bowlders  are  abundant.  In  tUe 
southern  sections  of  Columbia  township,  cuts  in  till  Jiio  froqnent  from 
^  to  40  feet  in  depth.  Ac  Avoudaloand  Walnut  Hills,  in  the  upper  part 
of  the  city  of  Cincinnati  (from  250  to  350  feet  above  low-water  mark), 
cutd  in  till  from  fifteen  to  twenty  feet  in  depth  are  exi>osed.  In  this 
there  is  no  appearance  of  stratillcation ;  granitic  fragments  up  to  20 
inches  in  diameter  are  abundant,  and  in  general  are  not  water-worn; 
striated  fragment*  of  local  rock  and  Corniferous  limestone  from  the 
nortliern  partof  the  State  are  alsoabundaut.  Upon  the  western  side 
of  Mill  Creek  no  distinct  deposits  of  till  could  be  found  upon  the  high- 
lands in  the  townships  bordering  the  Ohio,  nor  in  Green  township,  still 
farther  to  the  north.  The  region,  however,  is  covered  pretty  geoN^Iy 
with  a  deposit  from  six  to  ten  feet  in  depth,  coiisisting  of  fine  clay,  of  a 
whitish  yellow  for  the  first  three  or  four  feet  from  the  surface  and  a  red- 
dish color  below,  with  some  gravel  near  the  bottom,  and  occasioDally  a 
striated  pebble.  The  general  elevation  above  the  river  is  not  far  from  400 
feet.  At  North  Bend,  in  Miami  township,  a  preglacial  valley,  formerly 
connecting  the  Big  Miami  with  the  Ohio,  is  filled  with  till  to  a  height 
of  100  feet  above  the  river.  Striated  pebbles  in  this  are  onmerons. 
Coleraiu  and  Springfield  townships,  in  the  northern  part  of  the  coautjy, 
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are,  over  their  southern  portions,  pretty  generally  covered  with  from 
teu  to  fifteen  feet  of  clay  comparatively  free  from  [KibbleH;  but  in  their 
fiortheni  part,  near  Pleasant  Bun,  deposits  of  true  till  are  deej)  and 
abandaut. 

BuUer  County^  to  the  north  of  Tlamilton  County,  is  everywhere 
deeply  enveloped  in  till,  fresh  sections  of  which,  near  the  city  of  Ham- 
iltoD,  contain  nndecayed  si>ecimens  of  wood,  and  show  as  little  si^^ns  of 
oxidation  as  anything  in  the  northern  part  of  the  State.' 

KKNTDCKY. 

Oanipbelly  Kenton,  and  Boone  Counties  form  a  sort  of  promontory 
kwkiog  towards  the  north,  with  the  Ohio  Biver  on  the  east,  north,  and 
irest  sides.  Since  the  direct  glacial  dei)osits  come  down  to  the  i-iver 
Ittoks  in  Glermont  and  Brown  Counties  on  the  east  in  Ohio,  and  in 
Dearborn,  Ohio,  Jefferson,  and  Clarke  Counties  in  Indiana,  it  becomes 
of  special  interest  to  note  the  facts  over  the  intervening  portion  of 
Eeotncky  with  care. 

OampbeU  Coun^^.— The  hills  in  Carthage  precinct  facing  the  river  to 
the  east  and  opposite  New  Bichmond,  Ohio,  about  twenty-Ave  miles 
above  Cincinnati,  are  enveloped  with  a  deposit  of  till  from  ten  to  fifteen 
fcet  in  depth  in  which  granitic  bowlders  are  numerous.  This  extends 
to  an  elevation  of  from  350  to  400  feet  above  the  river  oi)posite  New 
Kchmond,  but  none  could  be  found  uiK)n  the  hills  in  the  southern  part 
of  the  precinct.  Nor  could  any  till  or  granite  pebbles  be  found  ui)on  the 
BQmmit  between  the  Ohio  and  Licking  Bivers  in  this  county  from  Alex- 
aodria  to  Dayton  (the  general  level  being  about  400  feet  above  the 
liver).  The  soil,  from  six  to  ten  feet  deep,  is  clay,  being  yellow  near 
tte  surface,  but  dark  gray  below.  A  deposit  of  sand  near  Alexandria 
vpon  the  summit  is  a  decomposed  remnant  of  sandstone. 

KenUm  County. — A  d6tour  from  Yisalia  northwest  towards  Florence 
(over  elevations  ranging  from  three  hundred  and  fifty  to  five  hundred 
ftet  above  the  river)  discloses  no  glacial  signs  until  reaching  the  Booue 
Ooonty  line,  three  miles  southeast  of  Florence.  Here  seven  miles  south 
of  the  Ohio,  there  suddenly  appears  a  stiff  clay  deposit  containing  nu- 
nteious  granitic  pebbles  three  or  four  inches  through  (see  specimens  91 
and  92).  From  this  point  northward  towards  Florence  granitic  bowl- 
den  abound.  Five  were  measured  which  were  each  upward  of  two  feet 
h  diameter.  The  covering  of  the  soil  was  only  from  two  to  three  feet 
(the  elevation  is  about  five  hundred  feet  above  the  Ohio). 

North  of  this,  a  railroad  cut  at  Erlanger  (475  feet  above  low-water 
markin  the  river),  shows  clay  six  feet,  containing  small  iMjbbles  of  quartz- 
i^  Umestone  and  granite. 

Prom  Erlanger  to  Covington  a  deep  deposit  (from  twenty  to  twcnty- 
*V6feet)of  loess  merging  into  loam,  with  some  gravel  at  the  bottom, 
•▼erywhero  appears  along  the  road. 

1  Soe  p.  4U. 
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Rntmr  Potmfy.— f)tnj  mill  a  Imlf  miles  soiilL  went  of  Floreticw  aboirider ' 
ofjiieperisoiigloifitTHtejtljruftiiiilaliiUfteetiuiUanieUT  wa«lomi(iiutliB 
Iieadwatcri* ofa tiinatl  ctrenin cmiit.viiig intoGuuiMJwder Creek  (eli'vatiim  , 
iilKnit  liv«  buiidrwi  loet  aliove  tbo  river  at  Cimiinnati).     Two  niiiCH  wwt  I 
of  FkirBnc«  tJiere  are  ottier  bowlders  of  tlUR  ja«i)er  congylnierato  with  I 
lliirtyorfiwty  granilic  ltowMeni,nmiiyof  tliflm  twoor  moroftolindi 
ameter.    Tb«a«  alHo  are  iu  a  bmiicli  of  Guopowilor  CrMk  »iul  i50n  fwi 
above  Ciiiciiiiiati.    This  couylomerate  la  identical  in  composition  willi 
tJiat  fotiud  ill  plate  on  tlie  south  »hor«olLak«Suin'rior  ami  to  tlioiiortJi 
of  Liiko  Hurou,  tbe  bowldfrs  troin  wbicU  are  widely  scattvnxl  ovtn  I 
lUicliigaa,  iDdiuiia,  aud  nortberu  Oliio.  . 

One  mde  east  of  Utbron  tbero  is  a  depi»tit  of  till  13  tveX-  or  aore  in 
deptli,  aud  450  feet  above  tbo  river.  Tbe  wliob;  Hiirfaoe  of  tbe  couotrj' 
about  Ilebrou  is  covere«l  wltb  a  loamy  ilejiOMit  coutaiDtng  oocanoaal 
Hunit^jbcd  stones  aud  pebbles. 

From  Petersburg  to  Big  Stone  Liuk  tbu  inimniit^  of  tlie  blafT,  up  to 
about  4^  feet,  nud  perbape  Uigber,  tiro  vuvolopud  with  a  loam  oonUin- 
iiig  tiiiiiierous  granitic  and  other  itubbleH.  Themis  no  ap))earanri>ur 
strati fiuatioD.  'Sear  the  buadwatvrs  of  Middle  Oreok,  at  uu  elevstioii 
of  3(H)  feet  above  the  river,  sis  miles  southcaul  of  l*et«nibarg'ti  anil 
three  wiles  east  of  Belleview  (Grant  poMt^lUoe),  the  washed  peblilM 
of  this  gravel  are  cementotl  together  by  an  iuflltration  of  lime,  foroiias.' 
perpeudienlar  exposures  of  50  feet,  wheru  cut  through  by  tlie  streaiD^. 
The  i>ebbles  are  mostly  lime  rook  of  the  Oincinnatf  series,  but  some,  a 
foot  or  more  in  diameter,  are  grauitiu. 

An  estensive  deposit  of  this  loam  ajtpears  on  tlie  highlands  sonth  oF 
GuuiKjwder  Creek,  two  miles  northeast  of  Big  llone  Lick,  by  Big  Bou« 
Baptist  Church,  near  the  junction  of  Ilamillon  aud  Uuiou  preciiicte, 
500  feet  (barometer)  almve  the  river. 

A  section  made  still  farther  sonth,  from  Glencoe  to  Warsaw,  in  Gal- 
latin County,  failed  u>  disclose  similar  deiiosits  there. 

SimilHr  to  the  eouglomerate  at  tbe  heiidwatei's  of  Middle  Greek  in 
that  faeing  the  river  at  the  mouth  of  Woolper  Creek,  known  »8  8|iiil 
liock  (see  plates  III  aud  IV),  which  show  tbo  cliffs  of  conglomwai'; 
across  tbe  creek  from  Split  Hock. 

Tbe  pebbles  in  the  cemented  masses  are  mostly  of  limestone,  ami  m 
verj'  coarse,  individual  pebbles  frequently  being  from  three  to  fmir  fi'fi 
in  diameter.  Granitic  pebbles  are  iufrequeut.  One  was  found,  howom, 
measuring  two  feet  in  diameter.  The  uliffs  of  this  eouglomerate,  at  tln' 
mouth  of  Wooliwr  Creek,  rise  lyS  feet  above  low  water,  and  the  mateiwl 
is  cemeuted  together  by  an  iufilrration  of  lime.  Kamelike  ridges  i-xt^ 
for  two  milesBonth  of  Woolper  Creek,  on  the  way  to  Belleview.  Tliew 
are  comiiosed  of  rather  line  material,  and  are  1110  feet  above  the  river. 
The  terrace  u|«in  this,  the  Kentucky  side  of  tbe  river,  for  two  iiiil(«tir 
more  below  Woolper  Creek,  is  I'emarkable  for  its  height,  bebig  m"™ 
than  100  feet  above  the  river,  and  Qti  feet  higher  than  tbe  Ligh-waltT 
mark  of  January,  1883.  j 
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"Mtable  County, — South  of  MiuUhoii,  Iiidiiina,  «iii  tlie  opitosite  eido  of 
i«  river,  ill  Kentucky,  tUe  Ievcl-to[>[ied  taMe-luiid  (150  feet,  buronieter, 
Mive  the  river)  is  covered  for  several  miles  with  a  yellowish  loam  or 
«SH,  two  to  five  feet,  graduating  iuto  a  stratum  containiugalargeauni- 
3r  of  dint  chips,  but  no  grauitic  pebbles.  There  were,  however,  souio 
lartzite  aud  compact  red  saudstoue  pebbles,  giviug  some  sigDH  of 
acintion;  also  near  the  river  a  few  granitic  pebbles  wore  found  440 
et  (barometer]  above  the  river. 


In  Indians  the  glacial  boundary  line  still  contiuuea  to  bear  in  a 
otberly  direction  throngh  Ohio,  Switzerland,  and  Jefferson  Counties, 
"aziug  the  edge  of  Kentucky  again  opposite  Madison,  and  reaching 
t  Hoatherumost  point  near  Gharlestown,  in  Clark  County. 


tr-JJ/.fiJ.    ^_:^ 

& 

no.  I.— Hap  sf  wntliBni  Indlua.  Bhowliig  plBoial  boondwr. 


Prom  here  it  bears  again  to  the  north  throagh  Scott  and  Jackson 
aaiities  to  the  line  between  Bartholomew  and  Brown,  aud  follows  this 
■  the  northeastern  corner  of  Brown.  There  again  it  tarns  to  the 
•vthwest,  touching  the  northeast  corner  of  Monroe,  where  it  again 
Sara  north  for  10  miles,  to  near  Martinsville,  Morgan  Oonnty.  Hero 
te  hnc  turns  west  and  south,  pai^siiig  diagonally  through  Owen, 
reene,  Knox,  and  Gibson  Oonnties,  and  into  Posey  County  to  New 
uttnony. 

Dtarhom  Oonnty. — At  the  Junction  of  the  Miami  and  the  Ohio,  jnst 
Mve  Lawrenceburgb,  the  valley  is  between  two  and  three  miles  wide, 
1(1  the  level-topped  highlands  on  the  west  rise  to  an  elevation  of  500  feet, 
fain  deposits  of  till  were  fonnd  upon  these  highlands  with  scattered 
fanitic  bowlders  over  the  whole  southern  part  of  the  county.  The  in- 
'traleopontheOhiois  here  bordered  on  the  west  by  a  stratified  terrace 
f  »ater-wom  material  from  one- fourth  to  one-half  mile  wide,  80  feet 
txiTe  high* water  mark,  largely  composed  of  pebbles  X'wo  «  XYtKfcVajSasB. 
90.98- 9 
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iu  diameter.  OpiKwitu  LuwrtMiuuliurgti  rciinnaiit^i  of  iJiw  Appear  on  tin 
Kotitucky  Hide,  aiicl  il  (wDtinueo  »t  a  itiaiilar  height  on  the  uast  buik  for 
wiiiio  (iJBtaiicu  ap  tlie  Miami,  in  Otiin. 

Ohio  County. — At  Ilartfonl,  Oliio  County,  Bouth  of  Luaghory  Creek, 
ft  (loiMwit  of  clay,  gravul,  aud  Mtiiull  );niuitic  puliblcM  (tlirown  up  iuIj) 
HUiall  rid{;os  and  kiiulls)  timih  uikiii  tUu  uortli  i^loixj  of  tbe  plateui  tu  a 
lieiglit  of  250  IixU  Gold  is  fouud  in  tliis  dopoatt.  Upon  tlie  tabl«-lanil 
450  fwt  above  tbe  rivor,  graaitiu  twwidcrti,  froiu  two  to  three  feet  iu 
dianitit»r,  oocasioiially  occur. 

HwitzerUind  County. — Upon  tho  liiglilaiidH,  oiii>-bu1f  mile  back  froui 
the  river,  at  Florence,  York  townsliip  {olvvation  3^  fiMt  abovtt  tli<' 
river),  there  \a  no  aiiitvaranvo  of  glaciatioii,  ttici  clays  being  all  rwidu 
ury.  An  extensive  terrace  on  the  oaat  side  of  the  rirer  is  10l>  feel 
above  low-w-ater  mark.  Tbe  hi(;hlaiida  in  .TelTeriton  and  Craig  Iflvn- 
sliipH,  nortliwnst  of  Vevay  (475  feet  above  low  water),  ai«  oovurwl  witJi  ;> 
de|KMit  of  retldish  clay,  fh>ai  two  to  three  feet  Miiek,  abonndiog  in 
gmiiitio  iKtbbles. 

JejferHon  County. — On  the  odge  of  the  level-topped  higblands,  »t  Nortli 
Ma«Iisou,  475  feet  above  )ow-wat«r  murk,  there  ia  a  deposit  of  cby  3ii 
feet  doei),  Yight  yellow  for  a  few  feet  below  the  au  rfaoo,  tliOD  leddisli  in 
color,  with  much  Qint  and  many  small  pebbiciri,  somo  of  wtuch  ok  (if 
granite  and  are  striated,  especially  through  the  lower  half  of  tliedi*- 
posit.  The  fine  material  gradually  mergeti  into  the  coarse,  and  then' 
is  no  stratifleation.  The  flint  comes  from  the  decomposition  of  lime- 
stones in  the  region  further  north,  Betoui's  niu^le  from  here  (30  miii^' 
north  tu  Osgood,  Kipley  County ;  25  miles  northivest  to  VerDoii, 
Jenuings  County,  and  15  miles  west-uortliwest  to  Paris,  JeDDiii|:e 
County)  show  that  the  whole  tableland  is  covered  with  a  formatio" 
similar  to  thii*-  described-  This  is  of  varying  degreisa  of  thiokuess,  Iwing 
eoiuetimes  30  feet  and  more  in  depth  on  the  highland.  Granitic  bonl- 
ders  and  striated  stone  pebbles  are  abundant,  but  there  are  no  knobs  or 
ridges  of  drift. 

Ilangvcr  and  Saluda  townships  are  of  the  same  elevation  and  preseut 
the  Game  features  with  the  region  north  of  Madison.  Granitic  bowldem 
are  abundant  on  the  surface,  sometimes  two  or  three  foot  in  diameter, 
and  the  till  is  occasionally  from  twenty  to  thirty  feet  deep  opou  tbe 
highlauds,  with  t^anitic  bowlders  near  the  bottom. 

BipUy  County. — At  Milan  (sibout  five  hundred  and  fifty  feet  above 
the  river  at  Aurora),  a  well,  according  to  Prof.  Hoiden',  gives  the  f"' 
towing  suction : 

1.  LiKht-colored  clay  soil 10 WH 

U.  Yellow  clay,  witb  flint,  gravel,  and  fowil-coTola 1^ 

:i.  Blue  glacial  clay ......  .......  1* 

i.  Coorso,  yellow  saiid,  with  recent  bIioIIs  and  water .. . ° 

5,  Bluo  clay,  uiiick,  contaiuiue  rootH  and  limba  of  trees... .. ....  ° 

Total 1.         5t 

'  Seventh  AUBUal  lU'VOtt,  Gcol.  Survoj,  Iadian&,  for  1875  (1876),  p.  19G. 
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fujs  County. — lu  Bigger  townsliip,  in  the  soutlieaHteru  corner  of 
s:s  County,  wood  was  reported  from  two  wells  in  bard  bine  clay, 
30  feet  below  the  surface. 
Borden  reports  the  following  section^  from  a  well  at  Paris 

Feet. 

-colored  clay,  with  deeper  shad ch  below 10 

'-colored  clay,  with  flint  pebbles,  iucreasing  iu  hardness  towards  the 

torn 19 

hard  bed  clay  and  gravel 2  to  3 

drift  clay,  very  sandy,  with  water;  also  limbs,  twigs,  and  roots  of 

)8,coDtinned  to  the  depth  of 7  to  10 

fc  County. — Through  Washington,  Bethlehem,  and  Owens  town- 
the  characteristics  descHbed  in  Jefferson  County  continue, 
striated  granite  bowlders,  three  to  four  feet  through,  abound 
iethlehem,  about  half  way  up  to  the  summit  from  the  river, 
ill  appears  as  far  south  as  Charlestown ;  but  thence  to  Jeffer- 
8,  and  turning  northwest  across  the  northeastern  corner  of 
County  to  Wood  Township,  Clark  County,  and  thence  on  north- 
brough  Washington  and  Lawrence  Counties,  no  till  or  trans- 
bowlders  are  to  be  found.  Glacial  deposits  are  found  only  on 
ng  east  to  Brownstown,  Jackson  County.  A  prominent  feature 
country  from  the  eastern  part  of  Floyd  County  to  the  north- 
i  part  of  Brown  County  are  the  knobs  of  Waverly  sandstone, 
ieveral  hundred  feet  above  the  surface  to  the  east,  and  dipping 
westward  so  as  to  underlie  the  coal  which  is  in  the  western  part 
State,  corresponding  to  similar  formations  dipping  in  the  opposite 
)n  in  the  Scioto  Valley  of  Ohio. 

County  and  the  southeastern  part  of  Jackson  I  have  not  exam- 
utt  have  assumed  that  the  limit  lies  east  of  the  knobs  just  named. 
9on  County. — Till  with  granitic  pebbles  and  striated  stones  was 
two  miles  southeast  of  Brownstown,  bordering  the  sandstone 
North  of  Brownstown,  six  miles  across  the  intervale  between 
St  Fork  of  White  Kiver  and  White  Creek,  till  rises  about  fifty 
»m  the  plain  against  the  foot  hills.  But  the  highlands  in  Salt 
township  show  no  glacial  dex)osits. 

holomew  County. — In  the  southwestern  comer  of  Bartholomew 
'  till,  abounding  in  granitic  pebbles  and  striated  stones,  runs  up 
highlands  to  within  about  two  hundred  feet  of  the  summit  of 
id  hills ;  but  it  is  absent  from  the  southeastern  comer  of  Brown 
r.  Sections  in  Ohio  township  show  it  to  be  at  least  forty  feet  in 
and  it  continues,  like  a  flat- topped  terrace,  eastward  toward  the 
ork  of  White  Kiver.  Harrison  and  Union  townships  are  covered 
11  from  the  east  to  within  about  two  miles  of  the  Brown  County 
here  it  ceases  upon  the  flanks  of  the  sandy  knobs,  at  a  height  of 
bwo  hundred  feet  above  the  valley.  Sections  show  this  to  be  at 
fty  feet  deep. 

Seventh  Annual  Report,  Geol.  Survey,  Indiana,  for  \^^  (JVSn^'j,  V»^*^,* 
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Decatur  Vtmnly,  U>  th«  east,  in  lamipfetwl.v  enveloped  in  tJU,  lint  ii«J 
tlier  ID  that  coniiLy  nnr  in  .luy  sontb  of  il.  watt  my  own  attention  culliil 
to  atiytbing  like  moniine  bills,  sucti  a»  were  ilescribcd  Jti  the  Kustoni 
States,  tliougli  I  (Irnre  from  OlarlcKburgL,  in  Miu  uurthejuMni  corner  of 
th«  eoiiuty,  to  Greensbnrgh,  and  tliemw:  Houtli  Ltirotigh  Osgood,  Itipley 
County,  to  tli«  Ohio. 

t/okiuon  County. — The  uontlioni  part  of  JotiiiMoii  County  is  completely 
euvelopud  iu  till,  tliu  de[>osit»  Ix-ing  cumuli iu«5S  nintity  foet  and  more  iu 
liejitli. 

Uroirh  OoHntg. — Ttie  sandy  kiiobB  etrutcbiiig  tiorlhwanl  from  Floyii 
County,  attaiu  in  Brown  County,  south  of  NashFille an  elevation  ot'l,H> 
feut  above  ti«le.  No  glacial  deposits  were  found  upon  these  kiiotu 
aloug  the  eiisteiii  border  of  the  cjouuty  until  nmvhiug  the  extreme 
northeimteni  corner. 

Till  eouttmies  Iroui  Johnson  County  into  the  northiiostern  |utrt  of 
Ilambliu  township,  Brown  County,  and  rises  to  within  about  t^reo 
hundred  feet  of  the  summit  of  the  knobs.  There  are  no  gtniiitie  bowl- 
ders in  the  beds  of  the  streaum  running  east  from  the  knobs,  bnt  mauy 
very  large  ones  are  found  near  the  glacial  margin,  one  being  five  feet  in 
diameter.    Gold  is  also  found  here,  as  in  Ohio  County. 

The  northwestern  part  of  Hnmblin  township  and  the  northern  port 
of  Jackson  township  ai-c  eovcred  with  deep  deposits  of  till,  being  fitten 
or  twenty  feet  deep  at  Georgetown,  and  rising  to  an  elevation  of  W 
feet  above  Bean  Blossom  Creek.  In  the  valley  of  Big  Salt  Greek,  »t 
Nashville,  there  is  no  till ;  but  a  few  granitic  pebbles  and  bowlders  are 
to  bo  found.  Northwest  from  Nashville,  near  the  water-shed  betweeu 
Itig  Salt  and  Bean  Blossom  Creeks,  and  ou  the  south  slope,  bowlders 
of  granite  and  jasper  conglomerate,  from  three  to  five  feet  throagh, 
were  found.    Till  also  was  oucounter6<l  at  Needmore,  Jackson  township. 

Monroe  County  is  wholly  free  from  any  glacial  deposit,  except  iu  the 
extreme  northeast  corner. 

Miirgan  County. — Jackson  township  is  completely  enveloped  in  till, 
often  from  thirty  to  forty  feet  in  depth.  At  Morgantown,  wood  is  re- 
I)orte<i  aa  found  in  a  well  one-fourth  mile  from  the  creek,  30  feet  beloff 
the  surface.  At  Mahalasville,  the  glacial  deposit  terminates  on  tlif 
northeastern  side  of  the  valley  of  Big  Indian  Creek,  in  kame-liko  hill* 
107  feet  high.  The  gravel  iu  this  hill  is  mostly  tine,  but  contains 
bowlders  of  decaying  granite,  two  and  a  half  feet,  at  different  elera- 
tions.  The  valley  of  White  Itiver  at  Martinsville,  Wiishington  town- 
ship, is  about  one  and  one-fourth  miles  wide,  eonsistiug  mostly  of 
intervale.  Till  appears  ou  hills  east  of  Martinsville,  but  there  is  uodo 
southwest. 

Jefierson  township  is  covered  with  deep  deiiosits  of  till  to  about  oae 
mile  south  of  its  center,  where  it  suddeuly  ceases, 

Ray  township  contains  glacial  material  only  in  its  extreme  nortbern 
part, 
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nam  County  is  completely  enveloped  in  till. 

m  County. — In  Owen  County  the  glacial  line  turns  again  to  the 

westj  running  through  Harrison,  Taylor,  Montgomery,  Morgan, 

ette,  and  Jefferson  townships. 

>  soatheastern  part  of  Harrison  township  is  unglaciated ;  but  gla- 

^poBits  are  continuous  over  the  northern  part  of  the  township. 

iontgomery  township  till  and  bowlders  in  moderatiC  amount  appear 

ita  V6j  and  are  continuous  north  ten  miles  to  Oloverdale. 

,  with  abundant  granitic  bowlders,  also  covers  the  highest  hills  in 

Drtheastem  corner  of  Morgan  township,  and  three  miles  to  the 

west. 

Lafayette  township  the  deposits  of  till  are  thin,  but  extensive 

;hout  the  northwestern  half.    Three  miles  south-southwest  of 

dia,  strisB  were  found  running  up  hill  nearly  east  and  west  in 

itcropping  sandstone  strata.    Five  miles  to  the  west,  in  Marion 

hip,  well-defined  striae  were  found  running  8. 40°  to  50^  B. 

appeared  in  the  nortlieastem  corner  of  Jeffercson  township,  and 

ree  miles  to  the  southwest;  but  there  was  none  in  Franklin  town- 

me  County. — From  Switz  City,  westward,  no  glacial  deposits 
r  for  four  miles;  but  they  begin  to  be  seen  in  Stockton  township, 
re  continuous  to  the  western  border  of  the  county,  being  from 
.  to  twenty  feet  in  depth.  Scratched  pebbles  and  granitic  bowl- 
re  abundant. 

ivan  County  is  completely  enveloped  in  till. 
*x  County. — Bast  of  Vincennes,  on  rising  from  the  broad  gravel 
e  of  the  Wabash,  and  one  and  a  half  miles  from  it,  sand-hills  rise 
one  hundred  feet.  A  mile  farther  on,  hills  rising  one  hun- 
ieet  are  covered  with  loess,  which  completely  envelops  everything. 
I  Harrison  township,  seven  miles  southeast  from  Vincennes,  cuts 
jen  or  twenty  feet  through  the  loess  revealed  an  irregular  deposit 
e  till.  The  hills  are  here  from  one  hundred  to  one  hundred  and 
9et  above  the  valleys,  but  the  depth  of  the  till  could  not  be  ascer- 
1. 

iess  County. — Nothing  like  till  was  found  in  the  southern  part  of 
ss  County  in  a  drive  from  Washington  to  Petersburgh,  Pike 

y- 

ion  County. — At  Princeton,  Patoka  township,  there  is  a  deposit 
thirty  or  forty  feet  deep,  with  granitic  pebbles,  one  of  which  was 
and  a  half  through.  There  were  also  numbers  of  striated  pebbles 
I  bank.  Loess,  ten  or  twenty  feet  deep,  covers  rounded  slate  hills 
least.  No  granite  pebbles  were  to  be  found  in  the  eastern  part 
Inceton  township  and  the  western  part  of  Columbia. 
Owensville,  Montgomery  township,  loess  is  everywhere  on  the 
^  with  blue  till  undenieath  containing  granitic  and  scratched 
68.    Till  also  appears  iit   Fort  Branch,  in  the  southern  part  of 
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Patoka  township.  Wells  are  reportol  n»  puii»traliii);  rcil  and  hliiijiluy 
IJO  I'ceL  EA»tw3ril  U>  Bjirton  towua)n[)  iiu  glncinl  iDiitvriuJ  couM  U- 
fonud. 

F(iN<^&ur$A  County. — Extousivc  iletoure  in  Vauderbnrgli  Coanly  ilis- 
(tlosod  Otfcrywhon!  tht'  loess  resting  U|>oii  tli«rockHtii  placv,  Hiiil  tbc 
stroaiiiH  nttorly  ilovoiti  of  gravel. 

Poaeg  County. — Robb  towitsliip,  in  its  wi8f«rn  part,  Ix  so  deeply  en 
vcloppd  in  loess  tbat  the  chnrncter  beneath  could  not  be  deteriuiiiwl. 
The  hills  are  about  two  buuilred  feet  alwve  the  Wabaflb  (ostimata!). 
In  the  nortLweat^irn  comer  of  the  township,  facing  the  valley  of  Ulark 
Ureek  the  loess  is  nndcrlaid  by  till,  which  is  certainly  20  feet  d(«|i- 
Scratched  8toiieB  and  granitic  bowlders  were  nnmerons.  This expMurp 
continnes  for  a  mile  and  a  half.  Black  Greek,  which  flows  throngli  thi$ 
deposit,  contains  ranch  granitic  gravel.  Granitic  pebbles  and  8triat*rl 
stones  occur  also  on  the  bills  between  Black  Creek  and  the  WuiH»li> 

One-half  mile  sonthoast  of  New  Uarmony  a  seotiun  dhows  16  fw\  «i 
loess  overlying  till  of  an  unknown  depth,  hnt  with  no  Rbnrp  Hue  of  de- 
marcation between  them.  The  trtnigh  of  the  Wabash  is  hi're  alwnt 
five  miles  wide. 


The  glacial  boundary  in  Illinois  (see  Plate  V)  first  apjwars  in  Wliiw 
Oonnty  near  Phi  Hips  town,  and  bears  in  a  general  soothwesteriy  iliiw- 
tion  through  Gallatin,  Saliuo,  and  Williamson  Connties,  whence  it  bean 
northwest  through  Jackson,  Bandolph,  and  Monroo  Counties,  formioe 
the  east  boi-der  of  the  Mississippi  bottom-lands.  But  nowhere  inUiio 
region  are  the  glacial  de)>ositH  thrown  into  ridges  and  bills  as  in  t)io 
Kastern  and  Northwestern  States,  and  tbey  are  everywbcrt'  hurieU,Ui 
a  givatcr  or  less  extent,  by  loe^s. 

While  County. — At  Phillipstown  the  blull'  facing  the  Wabash  boU 
toniN,  opposite  New  Elarmouy,  lud,,  shows  from  twenty  to  thirty  iect 
of  till  at  the  bottom,  merging  grarlaally  into  loess  of  about  the  samt 
thickness.  Une-half  mile  west,  coniimct  blue  till,  containing  fragmeoEa 
of  rock  and  small  bowlders,  appears  at  10  feet  below  the  surfiice. 

nawthorn  and  Emma  townships  arc  an  estensivo  sandy  plain  Ml 
more  than  twenty  or  tliirty  feet  above  the  Little  Wabash, 

Throughout  Oanni  and  Heralds  Prairie  townships  till  with  all  iW 
characteristics  everywhere  appears  under  the  loess  on  the  weat  bauk  «f 
the  Little  Wabash.  A  characteristic  section  in  the  southwestern  |i3ri 
of  neralds  Prairie  gives  11  feet  of  loess  and  35  fe«t  of  till.  No  sban' 
lino  of  demarcation  between  the  two  could  be  found.  Granitic  bonltli!'* 
.')  feet  through  occur  in  Carnii  township.  Mr.  James  Chilton  reporliil 
a  nugget  of  copper  as  found  in  section  28. 

Gallatin  County. — In  Gallatin  County  glacial  deiwsits  are  fouml  only 
in  Bear  Creek,  the  northwestern  township,  whore  at  Omaha  station  » 
considerable  doi>osit  occurs  with  granitic  i>ebbtos  three  or  four  iiiclics 
through,  which  gradually  merges  into  the  loess  above,  and  is  reililish 
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color.    A  detour  to  Shawneetowu,  and  thence  to  Equality,  disclosed 
» clearly  marked  glacial  deposits. 

Saline  County. — Just  north  and  west  of  Eldorado  station,  and  75  feet 
arometer)  above  it,  till,  red  in  color,  is  exposed  similar  to  that  at 
maha,  Gallatin  Oonnty,  but  is  absent  to  the  southeast. 
Till  is  abundant  on  the  road  from  Eldoraio  to  Kaleigh.  The  soil  is 
d,  and  the  granitic  pebbles  are  much  decomposed.  At  Raleigh  the 
dss  is  more  of  a  yellow  cast. 

An  extensive  detour  in  Harrisburg  township  disclosed  no  glacial 
E^rks.    The  loess  was  more  red  in  color. 

Numerous  exposures  of  till  at  least  ten  feet  deep  appear  in  the  north- 
n  sections  of  Brushy  township.  Granitic  bowlders  two  feet  tliroiigh 
e  frequent.  This  is  south  of  the  Middle  Fork  of  Saline  Biver,  the 
ttom-lands  of  which  are  about  fifty  feet  below  the  general  level. 
Williamsan  County. — ^Till  six  to  ten  feet  deep  with  the  same  amount 
loess  overlying,  is  exposed  at  Attila  (120  feet  above  Marion).  A 
nilar  deposit  appears  throughout  the  eastern  part  of  Grab  Orchard 
wnship.  Striated  stones  are  abundant.  A  trap-bowlder,  two  and  a 
If  feet,  was  observed.  The  color  of  the  loess  was  yellow ;  the  doi)th 
>m  five  to  ten  feet. 

At  Sarahsville  is  an  exposure  of  till  covering  several  acres.  Sections 
ow  10  feet  of  loess,  then  20  of  till,  in  which  are  granitic  bowlders  two 
d  a  half  feet  in  diameter.  The  material  is  of  various  colors,  red, 
%nge,  and  yellow,  and  without  stratification. 

Deposits  similar  to  that  at  Sarahsville  continue  to  Oreal  Spring  and 
ilphur  Spring,  200  feet  above  Marion,  but  they  cease  near  the  lino  of 
hnson  County,  reappearing  farther  west  on  recrossing  the  William- 
n  County  line. 

Till  is  abundant  in  the  southern  jwrtion  of  Grassy  township,  but  dis- 
pears  just  before  crossing  the  Union  County  line  (at  an  elevation  of 
0  feet  above  Carbondale).  In  section  30,  near  the  southwestern  corner 
the  township,  is  a  half  acre  of  till  like  that  at  Sarahsville,  where,  on 
e  sand  rock  exposed  underneath,  are  distinct  strise  already  referred 
(p.  42)  as  the  most  southern  point  in  America  at  which  striae  have 
en  observed  east  of  the  Mississippi. 

Jackson  Cotmty. — Deposits  of  till  are  frequent  in  the  northeastern 
d  northern  part  of  Makanda  township,  but  do  not  extend  to  the  higher 
[ids  in  Union  County.  A  striated  surface  was  uncovered  near  the 
ad,  one  and  a  half  miles  southwest  of  Carbondale;  direction  of  striro, 
8. 50  W.  This  is  in  section  29,  Carbondale  township.  The  covering 
till  removed  was  from  eight  to  fifteen  feet. 

Ridge  township  contains  a  fine  exposure  of  till  with  abundant  gran- 
c  pebbles,  from  six  to  eight  inches  in  diameter,  in  section  1,  T.  10  S., 
1  W.  Prom  ten  to  fifteen  feet  of  till  is  overlaid  by  the  same  amount 
loess  (165  feet  above  Carbondale).  There  is  no  till  in  the  southern 
id  central  portions  of  the  township,  which  is  exceedingly  rocky  and 
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;rongh,  though  loess  from  ton  to  twenty  feet  is  overywhoro  found ;  bat 
.till  ii))i)U.im  III  the  tiortwcstoru  jiorUoti  of  the  county  in  sevlious  fi 
«,  T.  7  S.,  R.  4  W.  (;JGO  fuet  above  Carboiidale).  Two  milea  west  froB 
'tbiti  iioiiit  ttio  rocky  bluQ'  ilcaccnds  perpenilicularly  to  IJjo  MissisBi]^  j 
about  four  hundred  feet  below.  ] 

,  Jtandolpk  Count}/. — TLu  hill  back  of  Chester  (310  feet  above  the  met) 
'la  covered  very  deeply  witli  loe^s,  in  some  places  100  feet.  No  till  w« 
'Observed  witliiii  tin;  city  limits,  but  granitic  jiehbles  were  found  in  f^- 
1^8  (210  feet  above  the  river)  north  of  tlie  <:ity.  At  Welga  station,  five 
[njleaback  from  the  river,  till  abounds  iu  great  quaotities  witli  fr«qiieiiLJ 
fp:&oitK  an<l  striated  bowlders  two  feet  iu  diameter.  A  fresli  section  hers ' 
jRbowssix  to  ten  feet  of  loess,  graduating  rather  suddenly  into  a  gravelly  . 
Stratum  about  ten  feet  in  thicknes»  resembling  true  till,  resting  upon  , 
soil  filled  with  local  fragments.  I 

The  contour  of  tlie  country  seems  to  have  been  largely  det«nnlni>dt] 
}tli6  direct  glacial  deposits,  as  the  loefls  rested  like  n  blanket  of  iirett) 
even  thickness  over  all,  mljusting  itself  to  previous  irregulariliea. 


I  A  detonr  through  Missouri  from  opposite  Grand  Tower  to  Ferry 
taaxd  to  the  rivet  bank  opposite  Chester,  Illinois,  disclosed  no  sign  vihli 
jwver  of  glacial  action,'  though  everywhere  there  is  a  coveriufj  of  locfl 
R^e  gonerid  elevation  being  300  feet  above  the  river.  The  river  vi " 
*aX\  along  is  from  five  to  seven  miles  wide. 

Jefferson  County, — Estcusivo  detours  in  .Tofterson  County  disclowil 
□o  true  glacial  phenomena  there. 

At  Do  Soto  (300  feet  above  the  river)  there  was  no  loess  on  the  liills, 
but  everything  was  covei-ed  with  a  red  residual  clay  full  of  local  frsf;- 
ments. 

St,  Louis  County. — West  from  Carondelet  station  there  are  no  hills 
much  more  than  100  feet  alwve  the  river,  and  all  are  covered  with  a 
blanket  pf  loess  about  20  feet  deep.  Sections  show  that  this  8ometiui«8 
rests  uiion  the  nnevenly  eroded  surface  of  the  limestone,  but  sometimw 
also  upon  a  thin  stratum  of  well-rolled  gravelly  soil  with  an  oL'CJwioiial 
granite  pebble,  but  nothing  like  till  was  discovered. 

Between  Carondelet  station  an<l  the  business  part  of  St.  Loais,  on  the 
turnpike,  Dumerous  quarries  and  sink-holes,  aboat  one  hundred  aod 
fifty  feet  above  the  river,  show  at  the  bottom  of  the  loess  a  stratum  of 
red  clay  a  foot  or  more  thick,  containing  granitic  and  other  pebbles  up 
to  three  inches  in  diameter.  The  depth  of  the  loess  is  about  twenty  feet 
Near  Forest  Park,  on  the  road  to  Ferguson,  a  section  shows  kwss 
abont  20  feet,  with  gravel  from  two  to  three  feet  at  the  bottom  contain- 
ing granitic  and  finely  striated  pebbles  two  or  three  inches  in  diameter. 
I  found  similar  sections  also  near  Hyde  Park.  This  gravelly  stratom 
was  extensively  uncovered  in  1SS.'1  near  the  brick  yards  in  the  neigb- 
borhood  of  Shaw's  Botanical  Garden.     Here  many  granitic  and  striated 
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Mbbles  were  found.  The  upper  terrace  of  the  limestone  was  iruch 
srodedy  mid  the  gravelly  stratum  rested  directly  upon  it.  No  striae  was 
liscovered  npon  the  limestones  in  place,  but  thin  fragments  of  lime- 
ttone  striated  upon  one  surface  were  found.  This  is  three  miles  back 
!h>m  the  river  (elevation  about  one  hundred  and  fifty  feet). 

GENERAL  REMARKS. 

The  Illinois  Central  Railroad  from  Chicago  to  Cobden,  in  the  Roiith- 
ym  part  of  the  State  of  Illinois,  discloses  but  few  glacial  phenomena  of 
nterest  to  the  transient  traveler,  tliough  southward  from  Mattoon  the 
solor  of  the  soil  in  the  deeper  cuts  seems  to  be  more  distinctly  red  than 
iOthe  north.  The  surface  is  covered  with  a  fine,  light  colored  silt, 
Bompact  and  without  gravel  and  from  one  to  two  feet  thick.  Below  is 
I  reddish  clay  of  undetermined  depth,  containing  fine  gravel  of  chert, 
inartz,  limestone,  and  granite. 

At  Centralia  sections  fourteen  feet  deep  showed  white  clay,  three  to 
Ive  feet,  with  tough  yellow  clay  containing  quartz  pebbles  below.  At 
^hley  a  section  of  twelve  feet  showed  two  feet  of  white  clay  without 
^t,  graduating  into  yellow  clay  containing  an  increasing  amount  of 
Ine  gravel  with  bowlderets  and  striated  fragments  lower  down.  At 
On  Quoin  wells  from  seventeen  to  twenty  feet  in  depth  have  two  feet 
xf  loess  with  three  to  four  feet  of  gravelly  soil,  with  many  striated  and 
irnnitic  pebbles  lower  down.  Fragments  brought  up  from  the  rock  in 
>lace  were  striated.  In  Cobden,  seven  miles  south  of  the  glacial  limit 
and  350  feet  above  Carbondale)  there  is  no  loess  and  there  is  no  sign  of 
^laciation;  but  there  is  much  compact  clay  (see  specimens  34  and  3;*)). 

At  this  i)oint  it  will  be  profitable  to  give  a  more  summary  and  ex- 
plicit statement  of  the  form  of  the  glacial  deposits  over  the  glaciat^ul 
nargiu  traversed  between  the  Alleghanies  and  the  Mississippi  Kiver. 
hB  Before  remarked  (page  55),  a  distinct,  continuous  terminal  moraine 
ilong  the  southern  margin  of  the  glaciated  region  is  not  easily  traced 
west  of  the  Delaware  River.  Across  the  State  of  Pennsylvania  the 
marginal  accumulations  worthy  to  be  called  a  moraine  (that  is,  consist- 
ing of  knobs  and  ridges  of  an^^  considerable  height  with  inclosed  ket- 
tJe-holes),  are  found  only  at  infrequent  intervals,  as  already  described 
[pp.  65-57).  West  of  Pennsylvania  such  marginal  accumulations  are 
still  more  infrequent.  The  only  places  in  the  whole  distance  of  the 
marginal  belt  surveyed  between  Pennsylvania  and  the  Mississippi 
Biver  in  which  I  have  encountered  the  features  of  a  terminal  moraine, 
^Qch  as  exists  south  of  New  England  and  across  the  State  of  Wisconsin, 
^re  suggested,  are  the  following : 

In  Colambiana  County,  Ohio,  extensive  ridge  accumulations  are  found 
Dear  Palestine  on  the  eastern  edge  of  the  cx)unty,  on  one  of  the  branches 
i^f  Little  Beaver  Creek.  These  ridges  were  evidently  formed  by  streams 
of  water  which  issued  into  the  valley  from  the  ice-front,  and  in  their  e,om- 
position  resemble  kames.    In  the  western  part  of  the  county,  at  New  A.I. 
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exaudria,  iiik)ii  the  higher  land  in  the  county,  and  about  3  miles  back 
fh)in  the  border  of  the  ^laciatexl  region,  the  deiK>sits  of  till  are  as  mad 
as  50  feet  deep,  and  are  marked  in  a  moderate  degree  by  the  knobs  an^ 
kettle-holes  characteristic  of  a  true  moraine. 

In  Stark  Oounty,  next  west,  ridged  accumulations  of  great  sice  (8! 
feet  high)  with  large  kettle-holes  occur  within  a  mile  of  the  extreoM 
border  of  glaciation.  These  ridges  are  on  a  scale  which  oompara 
favorably  with  the  Kettle  Range  in  Wisconsin,  and  the  material,  lib 
that  of  the  Kettle  llange,  is  pretty  largely  water-worn.  (See  above 
p.  GO.) 

In  Holmes  County,  though  the  glacial  margin  is  sharply  defined,  an^ 
the  glacial  deposits  are  of  considerable  depth  over  the  whole  northen 
part  of  the  county,  there  are  no  ridged  accumulations  of  marked  siit 
except  in  the  valley  of  the  Killbuck,  a  few  miles  above  Millersbuigh 
(See  above,  p.  GO.) 

In  Knox  County  no  extensive  ridged  accumulations  were  an^^vhen 
observed,  though  the  depth  of  the  glacial  deposit  is  considerable  down 
to  within  a  short  distance  of  the  margin. 

In  Licking  County  in  the  vicinity  of  Wilkin^  Ban,  in  Mary  Ann 
township,  there  is  an  extensive  marginal  accumulation  of  terraces  and 
kames,  some  of  which  are  92  feet  high.  A  little  farther  to  the  sooth, 
also  in  Newark  township,  and  very  near  the  marginal  line,  the  glad«l 
deposit  is  marked  by  small  hummocks  and  ridges  at  an  elevation  of  200 
feet  above  the  valley.  In  the  sontheasteni  part  of  Licking  townshipf 
near  the  reservoir,  there  are  ext<?nsive  kamelikc  ridges  from  15 to 30 
feet  above  the  level  of  the  valley,  which  here  drains  through  Jonntban 
Creek  into  the  Muskingum.  To  what  extent  the  base  of  these  ridges 
is  covered  by  deposits  of  loam  and  peat  could  not  be  ascertained. 

Thorn  township.  Perry  County,  i)resents  in  its  northern  ]>art  a  con- 
tinuation of  the  phenomena  in  Lickiii^^  townshij)  just  described.  Tlie 
resiirvoir  occupies  a  kettle-hole  on  the  water-shed  between  a  braiicb  of 
Lickinj^^  Kiver  and  »JonatIiaii  Creek. 

Jn  Fairlieid  County  the  glacial  limit  is  marked  by  ridges  ami  hum- 
mocks of  till  at  least  50  feet  in  depth,  on  the  east  sid(»  of  Rush  Creek. 
This  is  on  land  200  feet  fibove  the  valley.  At  IJerne  station  there  are 
hills  of  gravel  from  50  to  GO  feet  in  height  brought  down  by  the  streams 
which  drain  the  glaciated  area  in  Pleasant  township.  In  Docking  and 
Madison  townships  of  this  county  the  accumulations  of  till  are  very 
marked,  being  in  some*  cases  40  feet  in  dei)tli,  at  a  height  of  450  feet 
above  the  Hocking  liiver,  at  Lanctaster.  Muddy  Prairie,  so-called. 
s(»ems  to  b(»  an  immense  shallow  kettle-hole  very  near  the  niar<riii. 

In  Koss  (-onnty,  at  Adelphi,  in  the  northeastern  corner  of  the  cx)Uiity, 
near  the  head  of  the  valley  of  Salt  ('reek,  the  marginal  accumulations 
an*  more  marked  than  anywhere  else  in  the  State.  Ih»re,  on  tlu^  east, 
facing  Salt  ('reek,  they  show  n  perix'ndicnlar  secticm  of  188  feet,  and 
extend  southwesterly  through  Coleraiu  and  (irecMi  townships,  for  sev- 
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eral  miles  to  the  Scioto  Valley.  The  kiiobH,  ridges,  and  kettle-holes  sire 
marked  at  various  places  within  a  mile  of  the  southern  limit  of  ghicial 
signs.  In  Green  township,  on  the  eastern  edge  of  the  Scioto  bottoms, 
kame-like  ridges  of  gravel  rise  from  100  to  150  feet  above  the  general 
level.  WeBt  of  the  Scioto,  at  Lattas,  in  Concord  township,  ridges  and 
knobs  flrom  50  to  60  feet  in  height  are  numerous,  resting  on  the  flanks 
of  the  hill  which  faces  to  the  northwest.  The  ice,  however,  surmounted 
this  hill  (which  is  about  400  feet  above  the  general  level  to  the  north), 
and  extended  3  or  4  miles,  reaching  the  narrow  valley  of  Paint  Creek, 
in  which,  near  the  junction  of  Cat  Tail  Bun,  there  are  immense  kamc- 
like  accnmulations. 

In  Pike  Ooanty  the  depression  in  the  col  between  Bainbridge  on 
Paint  Creek  and  the  headwaters  of  Baker's  Fork  of  Brush  Creek  is 
filled  to  an  indefinite  depth  by  deposits  of  till,  showing  numerous  ridges, 
knobs,  and  kettle-holes.  This  is  on  the  extreme  margin,  and  is  al)out 
200  feet  above  the  1)ottom-lands  of  Paint  Creek,  and  is  flanked  on  the 
Math  by  a  level-topped  loess  deposit,  extending  for  2  or  3  miles.  (For 
a  fdller  description  of  this,  see  pp.  92-96.) 

Through  the  southeastern  corner  of  Uighland  County  and  the  north- 
western of  Adams,  the  terminal  accumulation  is  less  marked  than  in 
Boss  County ;  still  the  boundary  of  the  glaciated  region  can  be  rciidily 
determined.  In  neither  of  these  counties,  nor  in  Brown  or  Clermont 
OoontieB,  were  there  any  ridged  accumulations  which  could  be  properly 
called  moraines,  and  I  think  that  the  same  is  true  of  Clinton  County, 
and  also  of  Hamilton,  though  the  till  is  item  10  to  20  feet  deep  in  the 
neighborhood  of  Walnut  Hills  station  in  Cincinnati,  and  350  feet  above 
the  river,  while  at  North  Bend  a  preglacial  channel  extending  from  the 
Miami  to  the  Ohio  is  filled  by  till  to  a  height  of  160  feet. 

In  Indiana  the  glacial  deposits  in  the  glaciated  portion  of  JeiTorson, 
Clarke,  and  Scott  Counties  are  comparatively  scanty.  The  deposit  is 
much  deeper  over  Dearborn,  Bipley,  Decatur,  Jennings,  and  Barthol- 
omew Counties,  but  though  I  traversed  them  in  every  direction,  I  no- 
where encountered  in  them  any  ridged  accumulations  which  properly 
ooald  be  called  moraines.  In  Johnson  County,  however,  where  the 
boundary  approaches  the  higher  lands  of  Brown  County,  ridges  and 
knobs  of  till  were  encountered  in  two  or  three  places,  and  to  some  ex- 
tent in  the  western  part  of  Morgan  County,  but  nothing  of  the  sort 
appeared  in  Owen,  Clay,  Greene,  Sullivan,  Knox,  White,  Gibson,  and 
Posey  Connties. 

In  Illinois  nothing  like  a  moraine  was  encountered  in  any  portion  of 
the  StJite  which  I  traversed,  which  included  Iliuidolpli,  Perry,  Franklin. 
Jackson,  Williamson,  Saline,  Gallatin,  and  White  Counties. 
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HYPOTHESIS  OF  A  GLACIAL  DAM  AT  CINCINNATI. 

INTRODUCTION. 

From  the  facts  already  stated  it  seems  evident  that  the  ice  of  the 
glacial  period  came  down  to  the  north  bank  of  the  Ohio  Biver  all  the 
way  from  Drown  County,  Ohio,  to  Madison,  Indiana,  a  distauce,  as  the 
river  runs,  of  more  than  one  hundred  miles,  while  it  is  equally  clear  that 
at  points  south  of  Cincinnati  glacial  ice  extended  across  the  river  into 
Kentucky  from  six  to  ten  miles.  The  acceptance  of  this  conclusion  raises 
some  most  interesting  questions  in  speculative  geology.  The  interpre- 
tation of  the  facts  will  depend  upon  whether  the  glacial  deposits  upon 
the  north  and  south  sides  of  the  Ohio  River  belong  to  the  same  period  or 
to  diftereut  periods  widely  separated  in  time.  The  question  also  involves 
that  as  to  whether  the  deposits  upon  the  south  side  of  the  river  were 
made  before  or  after  the  Ohio  had  worn  its  present  valley. 

Upon  the  supposition  that  the  long,  narrow  trough  of  the  Ohio  Eiver 
(described  on  p.  57)  was  i)reglacial,  the  ghicial  deposits  upon  the  south 
side  at  Cincinnati  imply  an  ice  dam  between  five  and  six  hundred  feet 
in  height.  Such  an  obstruction  in  the  present  condition  of  the  valley 
would  set  the  water  back  so  as  to  submerge  Pittsburgh  to  a  depth  of 
about  three  hundred  feet,  and  affect  the  Alleghany  Eiver  as  far  up  as 
Oil  City,  and  the  Monongahela  nearly  up  to  Grafton,  West  Virginia. 

Soon  after  the  first  announcement  of  these  fivcts*  Prof.  L  C.White 
])iiblisli(Hl  a  pa])(»r  u])on  the  terraces  of  tlio  Mononfjaliela  liiver,  which 
sc(*in(*(l  to  him  in  a  remarkable  decree  to  confirm  the  theory  of  an  icedain 
jit  Oineinnat  i.^  To  .iiul<;e  of  the  value  of  (liese  individual  facts  it  is  nee 
(»ssary  1o  take  a  mon)  eonii^reliensive  view  of  tli(^  wliole  matter tliaii  liiis 
hert^tofoie  l)een  i)ossil)le,  and  to  sjx^ak  sonn^wliat  iinh^tail  of  tliet«Trac^s 
throughout  the  wliole  valley  of  the  Oliio  and  its  tributaries. 

TIFK    LOWKll   TKRUA^ES   DF  TIIK   OHIO    AND    ITS   TRinHTAKIKS. 

The  \alU\v  of  the  Ohio  IJiver  jibove  IjOiiisviHe  isehnnietorized  by  tv^o 
sets  of  terraces,  Mie  lower  of  whieli  is  very  persistent  throughout  the 
whole  eourse  and  is  es]>ecially  (hn'elope(l  whenever  tributaries  from  tlie 
glacial  region  (Miter  it.  So  uniform  is  the  increase  in  the  height  of  a 
t«MTacein  th<»()liio  Valley  immediately  belowthe  month  of  its  tributaries 
coming- from  the  jrlaciati'd  area,  that  th(»re  (^an  W.  no  hesitation  in  Jit- 
tribuliiiLT  tlieir  <le]>osition  to  the  vast  lh>w  of  water  down  these  tribn- 
tari(^s  into  the  Ohio  durin<^  the  i>«M'iod  in  whi(!h  the  ice  extended  into 
their  headwati'rs.     Tin*  deposits  in  th(^  Oliio  below   the  mouth  of  r»i? 

•  Am.  .Jour.  S«i.,  l.^-:J,  'M  Snios,  \o\.  vIC,  p.  :V3i\. 
SccPror.  Am.  Assoc.  Adv.  Sri.  :'»'.M    (  Miiiucapoli.s)   im-oliii;^,    1HS5,  p.  '21*J,  ami  IV 
(ilaci.il   rxmiKlarv  in  Ohio,  Iiidi.-mM,  siiwl  Knit  iicKy,  <i.    I'.   Wright  (Wrstoru  Jvo.scrvc 
1}'i>t(iiic!i]  S(n-'n'iy).  l^'^l,  \}\).  Hi -.^^Ci. 
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ver  Creek  iu  Peiinsylvaiiiiv,  iins  typioAl  of  wliiit  elsewliere  ociTiire, 
muy  tbentfore  be  tlwtcriboU  with  consiilunible  luiriateiietis. 


Fia.  4 K>p  Dt  the  trlbutulu  of  tho  npprr  C 

le  towns  of  Beaver  and  !Bocbe»ter,  Feuosylvania,  are  built  upou  a 
«8  which  is  13)  feet  above  tlie  level  of  the  Ohio  and  bat  eight  or  ten 
(Bontb  of  the  glaciated  region.  The  compositionof  that  part  of  the 
ce  occupying  the  terrace  npoti  which  Beaver  is  bailt,  and  down 
.m  from  the  jnnctioa  of  Beaver  Creek  and  the  Ohio,  differs  remark* 
from  that  upon  which  Rochester  Is  built,  on  tho  angle  np  stream  from 
rnctioD.  Iu  the  angle  below  the  junutiou  of  the  streams  the  terrace 
nposed  of  rounded  pebbles  of  quartzite,  gneiss,  and  granite,  somu 
em,  even  near  the  surface,  being  two  feet  in  diameter.  la  the  angle 
e  the  junction  granite  pebbles  are  exceedingly  rare,  and  lobbies  of 
nnd  more  than  two  or  three  inches  in  diameter  are  scarce.  The  ex- 
itJon  is  evident.  To  nse  Prof.  Dana'u  terms  when  speaking  of  the 
ecticut  Biver  and  the  White  River,'  the  Ohio  is  the  great  diatrib- 

'See Am.  Jour.  Sci.,  Jd  Series,  vol.  W,  1881,  p.  «iR. 
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uter  and  the  Beaver  is  here  the  principal  contributor^  of  drift  luaterial, 
The  Ohio  does  not  itself  have  diix.^ct  access  to  the  bowlders  which  had 
been  transported  by  i^hicial  ice,  it  being  wliolly  ontside  of  the  glaciated 
region.  The  drainage  basin  of  the  Beaver  is,  however,  strewn  with  gl& 
cial  debris  down  to  within  a  few  miles  of  the  Ohio ;  and,  as  the  granite 
bowlders  of  that  area  were  borne  along  by  the  swollen  torrents  at  the 
close  of  the  glacial  i>eriod,  on  reaching  the  onward  but  less  rapid  carreni 
of  the  larger  Ohio  they  would  naturally  be  deposited  at  the  junction  q[ 
the  streams  and  in  the  lower  angle. 

The  one  hundred  ami  twenty  to  one  hundred  and  thirty  foot  terrace, 
u|)on  which  the  city  of  Beaver  is  built,  continues  upon  the  uorth  sideoi 
the  Ohio  Biver  downward  to  Vanport,  two  miles,  where  it  crosses  to  the 
south  side  and  continues  below  to  liaccoon  Greek.  Ilere  it  reappears 
upon  the  north  side  and  continues  to  Six  Mile  Bun,  reappearing  upon 
the  south  side  a  little  above  Industry.  From  Industry  down  three  oi 
four  miles  it  is  again  upon  the  uorth  side,  reappearing  on  the  south 
side  one  mile  from  Georgetown,  two  miles  from  the  Virginia  line,  where, 
according  to  my  leveling,  it  is  112  feet  above  the  river,  and  contaiufl 
numerous  granitic  bowlders  two  feet  or  more  in  diameter.  It  is  evident 
that  the  whole  valley  from  Beaver  to  Georgetown,  14  miles,  was  onoe 
filled  with  coarse  gravel  and  i)ebbles  to  a  height  of  about  one  hundred 
and  twenty  feet,  the  material  being  much  coarser  at  Beaver  than  at 
Georgetown.  A  well-marked  terrace,  also  containing  granitic  pebble8| 
is  found  on  Little  Beaver  Greek,  one  mile  from  its  mouth,  and  130  ftet 
above  the  Ohio. 

J>elo\v  the  mouth  of  Little  Beaver  Creek,  as  far  as  Marietta,  at  tbe 
mouth  of  the  ]\Iuskinguiu  Kiver,  there  is  no  tributiiry  entering  theObio 
which  could  have  been  charged  with  ghicial  Hoods  or  with  glacial  ma- 
terijil.  There  is,  therefore,  as  might  be  expected,  a  gradual  but  marked 
diminution  l)elowthis  i)oint  in  the  extent  of  the  terrace  de])0sit8.  At 
8teubenvillc  the  extensive  terrace  upon  the  east  side,  acconling  to  my 
nieiisurenient,  is  hut  05  feet  above  low  water,  and  at  Martin's  Ferry, 
opposite  Wheeling,  the  extreme  height  of  the  terrace  is  lOli  feet.  In 
botli  these  places  tlie  granitic  pebbles  are  numerous,  but  are  smaller 
than  higher  up  the  river.  From  Martin's  Ferry  to  JNIarietta  I  have  not 
examined  the  banks  of  the  river.  This  increase  in  the  height  of  tlie 
terrace  was  remarked  by  Sir  C/harles  Lyell,^  who  e*stimates  it  as  GO  feet 
high  at  the  mouth  of  the  Great  Kanawha,  and  about  eighty  feet  high 
at  (leorgetown. 

The  Muskingum  Kiver,  which  enters  the  Ohio  at  Marietta,  is  hued 
with  terraces  all  the  way  uj)  to  its  headwaters  in  the  glaciated  regiou. 
It  was  therefore  an  )nii)ortant  contributor  to  the  glacial  drift  of  tbe 
Ohio.  Consequently  at  Rockland,  about  twelve  miles  below  Marietta, 
and  where  the  Ohio  turns  at  light  angles  to  the  west,  we  find  a  markeil 
increase  in  the  glacial  terrace.    Hlennerhasset  Island  is  but  lifty  or  sixty 

'  Triivt»l8  ill  AuutWa,  Aov.vmvVsoTw^.NoX.^l.V'^--^* 
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eet  above  low- water  mark,  aiul  is  occaHioiially  completely  Hubmerged  by 
iootls.  The  terrace  at  liocklandy  however,  is  nearly  50  feet  above  the 
)resent  Li|;h-water  mark.  Aboat  five  miles  below,  opposite  Little 
lockhocking,  a  terrace  appears  again  u]K)n  the  south  side  of  the  Ohio, 
sorrespouding  in  general  elevation  and  chamcter  to  that  at  Rockland  on 
ihe  north  side.  The  terrace  at  Ironton  is  90  feet-,  while  at  Portsmouth, 
jelow  the  mouth  of  the  Scioto,  another  chief  contributor  of  glacial  drift, 
he  terraces  on  both  sides  are  110  feet. 

There  are  no  other  specially  marked  terraces  at  any  considerable  dis- 
auce  above  the  present  high-water  mark  until  reiiching  Cincinnati,  just 
mIow  the  month  of  the  Little  Miami  Biver,  wliich  was  one  of  the  most 
ibandant  contributors  of  drift  material  trom  the  glaciated  region.  Uere 
re  find  the  upper  terrace,  upon  which  the  main  part  of  the  old  city  of 
]liDcinnati  is  built,  to  he^  about  fifty  feet  above  the  present  high-water 
Dark,  or  120  feet  above  low  water.  Twenty  miles  l)elow,  at  Lawrence- 
mrgh,  Indiana,  near  where  the  Ohio  is  joined  by  the  Great  Miami 
another  most  important  contributor  from  the  glaciated  region),  the  ter- 
aoes  rise  to  112  feet  above  low- water  mark,  or  about  eighty  feet  above 
he  flood  plain.  The  terraces  here  are  of  equal  height  ui>on  both  sides 
if  the  Ohio;  but  upon  the  west  side  are  much  broader,  extending  into 
he  valley  from  one-fourth  to  three-fourths  of  a  mile  from  the  foot  of  the 
AntL  The  valley  itself  between  the  blufGs  is  here  about  three  miles  wide. 
Farther  down  the  river  the  upper  terraces  are  of  diminished  height.  At 
Warsaw,  Kentucky,  about  20  miles  below,  the  highest  terrace  is  ninety 
feet  above  low  water,  or  about  thirty  feet  above  high  water.  At  Madi 
sou,  Indiana,  20  miles  still  farther  down,  the  upper  ternice  is  85  feet 
ibove  low  water.  From  these  facts  it  is  evident  that  there  is  no  need  of 
supposing  the  Ohio  Valley  to  have  been  filled  up  through  its  entire  course 
vith  gravel  to  the  height  of  the  terraces  where  the  streams  enter  from 
the  glaciateil  region.  But  just  below  the  mouth  of  each  of  those  streams 
there  was  an  excessive  deposit,  which  formed  a  bar  or  slight  dam,  as  is 
the  case  now  in  the  Mississippi  at  the  mouth  of  its  present  tributaries. 
The  Ohio,  then,  at  the  close  of  the  glacial  period,  would  have  presented 
a  series  of  long  pools,  one  stretching  down  to  the  vicinity  of  the  mouth 
of  the  Beaver,  where  the  water  must  i>erceptibly  have  shoaled  for  sev- 
eral miles.  A  second  pool  ended  at  Marietta,  at  the  mouth  of  the 
Unskingnm ;  a  third  pool  extended  to  the  mouth  of  the  Scioto  at  Ports- 
month;  a  fourth  to  the  vicinity  of  Cincinnati.  Below  the  mouth  of  the 
Great  Miami  there  was  no  contributor  of  glaciated  material  to  obstruct 
the  channel  with  its  excessive  deposits  until  reaching  the  mouth  of  the 
Wabash.  There  can  be  no  question  that  this  series  of  high  terraces 
l)elongs  to  the  closing  stages  of  the  last  glacial  epoch,  if  there  were  two 
epochs.  The  present  flood  plains  are  deposited  in  a  channel  which  has 
t)een  worn  out  of  these  larger  deposits  of  the  glacial  period.  And,  as 
ilready  noted,  these  glacial  terraces  are  but  parts  of  a  still  deeper  de- 
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posit  filling  an  old  prei^hicial  diaiiDcl  wliich  wiiK  one  UuiiilrtHl  and  fifty 
or  two  liiiudred  feet  deeper  than  the  piv.scMit  trough. 

AH  the  southerly  tlowing  streams  which  rise  in  the  g^laciated  region 
are  marked  at  the  i)oiiits  at  which  they  enter  the  unglaciated  diBtriot 
by  tesrraces  of  exceptional  height  (but  never  exceeding  100  feet),oon* 
taining  many  granitic  pebbles,  and  gradually  diDiiidshing,  both  in 
height  and  in  the  size  of  the  jiebblcs,  as  they  recede  from  the  glacial 
boundary.  tSuch  terraces  are  fe?i>ecially  noticeable  at  the  following  local- 
ities : 

In  Pennsylvania,  on  the  Delaware  Kivor,  at  Belvidere;  on  the  Le- 
high Ki  ver,  at  r>ethlehem ;  on  the  Susquehanna,  at  Berwick;  on  Fishing 
Greek,  below  Benton;  on  the  Loyalsock,  above  Montoarsville ;  on  Ly- 
coming (./reek,  below  Balston;  on  the  Oonew.ingo,  below  Ackley  Sta- 
tion; on  Big  Broken  Straw  Qreek,  at  Spring  Creek ;  on  Oil  Greek,  at 
Titusville ;  on  French  Greek,  above  Franklin  ;  on  Big  Boaver  Greek, 
at  (-hew town. 

In  Ohio,  on  the  middle  fork  of  Little  Besiver,  at  Kew  Lisbon;  on  the 
east  branch  of  Sandy  Greek,  a  tributary  of  the  Tnscarawas,  at  East 
Kochester;  on  the  Nimishillen,  just  below  Ganton;  on  the  Tuscarawaa^ 
nesir  Bolivar;  on  Sugar  Greek,  another  tributary  of  the  Tuscarawas, at 
Beech  Gity  and  Deardoff's  Mills ;  on  the  Killbnck,  another  branch  of 
the  Tuscarawas,  below  Millersburgh ;  on  the  Mohican,  above  Gann's 
Station;  on  the  Licking,  at  Newark;  on  Jonathan  Greek,  near  Thorn- 
ville  (the  last  eight  all  empty  eventually  into  the  Muskingum);  on  the 
lloikin^^  ltiv(»r,  at  Tiancaster;  on  the  Scioto,  a  fi*w  miles  above  Chilli- 

Ill  Indianiu  on  the  oast  fork  of  (he  Whitv  Jliver,  at  Seymour,  and  on 
lli(*  Wabash,  near  New   Ihninony.' 

THE  iTriM'.u  ri:KUA(;i:s  of  tiik  oiiio  and  its  tributauiks. 

DiscoiinocttMJ  witli  \\w  lower  set  of  terraces,  there,  is  anotluT,  which 
is  I'ar  more  dilliciilt  of  interpretation,  and  wliich  stands  at  a  imich 
hi;;lier  level.  We  will  note  the  phuH's  where  this  upper  s(»t  ofterniceii 
is  most  consj)ieuous,  l>e*ijinnin^'  below  Cincinnati  and  going  towards  the 
sourcH^  of  the  river. 


miles  below  Cincinnaii.  What  is  here  known  as  8i)lit  Ivock  is  butadis- 
mendKTed  portion  of  a  level-topped  terrace  of  cemented  gravel  rising 
IS")  feet  above  low-water  mark,  and  extending  ba(;k  from  the  river  from 
one-half  to  lhree-«iuarters  of  a  mile,  and  a  mile  or  two  along  the  sides 
of  the  valley.  A  de[>osit  i)recisely  similar  occurs  a  mile  and  a. half 
buck  from  the  river,  near  tlu»  headwaters  of  jMiddle  Creek,  about  three 
iNM)dj'e<i  and  liftv  feet  above  low  water  mark. 

'  Fnr  tr.lJiT  iiir./r;i.;irn)u  on  \U\s  m\Vv'«'\,  >vn>    Xw    Av'jwx.  ^o- ^\v\s^  \^J$V^■^^'i-U^ 
(^'Vdl   >'/// ^  (  V.  (>I)K»,  vol.  Ti.  ]ip.  7r.\   Tv.''! 
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Jam  iuclined  also  to  classify  with  tlie  upper  terraces  some  cemented 
ravel  coiitaiuiiig  grauitic  pebbles,  and  similar  to  this  at  Split  liock, 
and  ou  Brackeu  Creek  at  its  jiioction  with  the  Ohio  just  aL)ovo 
ngosta,  Kentucky,  about  fifty  miles  up  the  river  from  Ciuciunati. 
16  summit  of  this  is  about  two  hundred  feet  above  low- water  mark. 
16  pebbles  of  the  conglomerate  are  very  coarse,  and  numbers  of  them 
e  granitic  and  from  three  to  four  inches  in  diameter.  A  similar  con- 
Dmerate  occurs  upon  the  opposite  bank,  near  Uigginsport,  Ohio, 
(joiog  up  the  river,  an  instructive  remnant  of  the  higher  terrace 
bs  found  on  the  east  side  of  the  Ohio  liiver  a  little  below  Steuben- 
ie,  Ohio,  opposite  the  lower  ferry,  and  about  twenty  miles  above 
beeling.  West  Virginia.  At  this  point  the  re|)resentative  of  the 
rer  terrace  previously  described  is  about  one  hundred  feet  above  low- 
t»T  mark,  and  is  well  developed.  But  farther  buck  from  the  river, 
)n  the  West  Virginia  side,  numerous  granitic  pebbles  occur  at  an 
nation  of  50  feet  higher,  and  included  in  an  extensive  deposit  of 
id,  whose  upper  limit  is  285  feet  above  low-water  mark,  or  about 
)  hundred  and  eighty-five  feet  above  the  lower  terrace.  Just  to  the 
th  of  this  point  the  rocks  in.  places  pi*oject  to  the  river's  bank,  at 
elevation  of  four  or  five  hundred  feet  above  the  river;  thus  during 
lessively  high  water  favoring  the  formation  of  the  deposit  just  de- 
ibed. 

?he  remnants  of  the  ux)|>er  terrace  below  Steubenville  correspond 
•h  in  general  character  and  in  elevation  above  the  river  to  three 
lers  between  the  mouth  of  Beaver  Oreek  and  Pittsburgh,  of  which 
)  is  at  New  Brighton,  on  the  east  side  of  the  Beaver  not  far  from 
junction  with  the  Ohio.  Here  there  are  remnants  of  a  terrace  pre- 
yed upon  a  rocky  shelf  and  containing  many  rounded  pebbles  of 
inite  215  feet  above  the  Beaver,  and  200  feet  above  the  Ohio.  This 
several  miles  outside  the  extreme  limit  of  direct  glacial  action.  The 
)bles  are  at  the  bottom  of  a  thin  deposit  of  cream- colored  clay  which 
ised  for  brick-making. 

1  similar  terrace  exists  back  of  Middletown,  Alleghany  County,  on 
)  south  side  of  the  Ohio  Kiver,  12  miles  below  Pittsburgh.  Uere,  at 
)  height  of  from  two  hundred  and  fifty  to  two  hundred  and  eighty 
t  above  the  river,  rolled  fragments  are  abunilant;  and  among  them 
occasional  pebble  of  granite. 

1  third  noteworthy  remnant  of  a  terrace  between  the  mouth  of  the 
aver  and  Pittsburgh  occurs  at  Bellevue,  in  Ohio  township,  Alleghany 
QQty,  Pennsylvania,  ou  the  north  side  of  the  Ohio,  about  five  miles 
low  the  mouth  of  the  Alleghany  Kiver.^  Here,  upon  a  shelf  of  rock 
ang  the  river,  in  a  perpendicular  cliti*,  between  two  hundred  and 
7  and  three  hundred  feet  in  height,  there  is  the  remnant  of  a  terrace 
tose  surface  is  310  feet  above  low-water  mark  and  containing  many 
uiitic  pebbles.    This  terracT)  is  about  half  a  mile  in  width.    A  well 

'See  L  C.  White,  2d  Geol.  Survey,  Pa.,  Q. \>. Vl^. 
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uink  from  tbu  suifucu  wus  ruporU^d  to  iiiu  aa  paaHint;  througb  20  fwtd 
tougli  clay  uiid  25  feet  uf  saiiil,  coarse  gravel,  antl  quicksand,  HliuwiBg  | 
pebblus  lit  tlie  bottom  a  foot  or  more  in  diaiuotur.  At  tUnt  luveti 
fpriiigs  coino  uut  facing  tliu  river.  Fttct«  coucoruiug  ansdogoua 
xacca  oil  tliu  Moiiougaliela  arc  detailed  in  tbo  uext  section. 

TIIKOEETIOAL  BXPLASAT10N8. 

Here  we  may  well  pause  to  consider  tbc  theoretical  uleuieut«  of  ti 
problem,  and  auk,  by  wbat  combiDatioii  of  forces  known  to  bo  iu  optt-^ 
'  fltion  eould  this  lerniee  of  gravel  at  Bellevue,  wbicb  iucloseti  jmbblw 
r  of  northern  drift,  be  deitositod  nearly  three  hundred  feet  alrovo  tlie 
I  present  level  of  the  Ohio  Biver,  and  1,000  feet  abovo  tide!  The 
['^anitic  pebbles  must  by  some  means  have  been  brought  down  tliL 
■,,Allegfaany  River  from  aa  far  up  as  Franklin,  a  distance  of  135  mileu 
I  !I!o  account  for  this  terrace  and  some  others  which  I  shall  present^ 
j  mention,  there  are  only  three  possible  hypotheses,  each  involving  in 
'.some  form  the  aid  of  the  glacial  theory.  These  hypotliuse^  are  (1)  that 
'  daring  or  since  the  glacial  period  the  whole  region  of  the  nppcr  Ohio 
passed  through  a  {Hiriod  of  subsidence,  tbe  limit  of  which  is  markul 
by  these  upper  terr^iccs}  (2)  that  there  has  been  some  local  obstruction 
like  that  of  the  supposed  Cincinnati  ice  dam ;  (3)  that  the  up{>er  t^ 

Pees  were  formed  during  an  earlier  glacial  epoch  when  the  rocky  bedl^ 
the  streams  occnpied  a  higher  level  than  now,  T 

That  these  upiier  terraces  are  coincident  in  date  with,  or  sabsequfil^ 
to,  a  glacial  epoch  is  clear  from  the  fact  that  the  fn^nitic  elcmeubi 
entering  into  tbeir  formation  conld  have  been  brought  into  the  beiui 
waters  of  the  Alleghany  Kivcr  only  by  a  movement  of  glacial  ice  from 
the  distant  north.  After  being  left  by  glacial  ice  in  thiu  region,  tlioy 
were  within  reach  of  streams  of  water  which  couhl  transport  them  uu 
iudofinito  distance  towards  the  Oulf  of  Mexico.  Such  granitic  jwhlilH 
from  the  glaciated  region  are,  at  the  present  time,  transported  byfloV' 
iug  water  far  down  the  Ohio  lUvor,  ami  oveu  into  the  Mississippi.  Bat, 
whether  rolled  along  upon  tbe  bottom  or  transported  upon  Iloating  iee, 
they  can  now  be  deposited  along  the  stream  only  to  the  height  of  tie 
present  Hood-plain,  which  is  nowhere  more  than  seventy  feet  above  tlie 
bottom.  The  present  problem  is  how  to  account  for  them  iu  terraoM 
300  feet  above  tbo  river. 

TUB    UlTKB 


There  is  no  question  bnt  that  these  facts  may  bo  accounted  for  on 
the  theory  that  there  have  been  two  glacial  cpoclis,  in  each  of  which 
the  ice  extended  into  the  headwaters  of  the  Alleghany;  andthattbw 
high  terraces  were  formed  during  the  lirst  glacial  period,  as  the  present 
flood-plain  of  tbe  river  is  formed,  but  when  the  bed  of  the  river  was 
'  between  two  and  three  buQdTedfcet\ug\y(sixkiHi\tuQ)qw.    Thisghov- 
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3ver,  would  iuvolve  the  suppositiou  that  Hafticieut  time  elai>Heil  be- 
tween the  first  glacial  period  aud  the  second  for  the  Ohio  and  its 
tribatarieB  to  wear  down  their  channels  through  their  rocky  bed,  aud 
)long  their  whole  length  to  a  depth  of  between  three  aud  four  huu- 
ired  feet.  If  we  accept  without  question  the  theory  of  two  glacial 
)eriods  so  nearly  equal  in  extent  and  separated  by  such  a  vast  interval 
)f  time,  this  is  the  easiest  way  to  account  for  the  facts  as  so  far  pre- 
tented. 

Bat  witbont  questioning  the  fact  of  two  distinct  glacial  epochs,  we 
nay  question  the  propriety  of  accounting  for  this  terrace  by  a  glacial 
pooh  so  far  back  in  time  as  this  theory  supposes.  From  the  Falls  of  the 
)hio  at  LoaisvillCy  Kentucky ,  to  the  head  of  the  Alleghany,  for  a  distance 
f  about  one  thousand  two  hundred  miles  the  stream  has  lowered  its  bed 
biough  the  rocks  to  a  depth  of  more  than  four  hundred  feet  below  the 
ottom  of  the  terraces  in  question.  For  the  testimony  is  unequivocal 
lat  the  rocky  bottom  of  the  Ohio  Biver  from  the  Beaver  down  is  not 
ir  from  two  hundred  feet  below  its  preseut  bottom.  The  time  necessary 
NT  this  amonnt  of  erosion  is  enormous. 

FACTS  ADVKKSK  TO  TUI8  TUEOKY. 

Now,  there  are  many  facts  which  would  seem  to  forbid  such  an  euor- 
loas  lapse  of  time  l)etween  the  deposition  of  these  upper  terraces  cou- 
iiiiiiig  granitic  pebbles  aud  the  ibrniatiou  of  the  lower  terraces  con- 
UDing  similar  material,  as  before  described.  In  the  first  place,  vegeta- 
te and  animal  remains  of  recent  si>ecies  are  found  in  a  very  fresh  state 
f  preservation  in  river  deposits  of  the  Ohio  Valley  corresponding  in  age 
ith  the  ux)l>er  terraces  in  question. 

Terraces  on  the  Monongahehi, — The  first  instance  has  been  carefully 
escribed  by  Prof.  I.  C.  White,  and  occurs  on  the  Monongahela  Eiver, 
ear  Morgautown,  West  Virgina.  The  trough  of  the  Monongahela, 
rhich  joins  the  Alleghany  at  Pittsburgh  to  form  the  Ohio,  is  in  every 
^ay  similar  to  that  of  the  Alleghany,  with  the  single  exception  that  the 
Btiaoes  which  line  its  banks  at  heights  correspondiug  to  those  of  the 
dleghany  and  the  upper  Ohio,  contsiin  no  pebbles  of  northern  drift 
^t  consist  wholly  of  material  which  is  native  to  the  valley  itself. 
U  numerous  places,  as  Professors  White '  aud  Stephenson  have  pointed 
at  along  the  Monongahela,  and  as  I  myself  have  since  observed,  there 
re  extensive  deposits  of  pebbles  aud  bowlders  from  two  to  throe  huu- 
ired  feet  above  the  river,  especially  near  where  the  tributaries  enter, 
tany  of  these  deposits  may  well  enough  be  regarded  as  the  river  pebbles 
Bftin  the  channel  when  it  fiowe<l  on  a  rocky  bottom  two  or  three  hun- 
M  feet  higher  than  at  present.  Such  places  uiay  be  noted  at  Belle 
^emon,  Brownsville,  and  Masontowu,  in  Fayette  County,  Pennsylvania, 
•nd  Greensborough,  in  Greene  County,  Pennsylvania.    But,  in  the  opin- 

'  See  Tbo  Glacial  Boundary  in  Ohio,  Indiana,  aud  KoQtauky,Q.  F. \N'x\\»JaX.V^^5«k\Rxvi. 
'fiservo  HlBtoricaJ  Society)  pp,  &J-84. 
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ion  of  Prof.  White,  the  (le])osits  near  Morgantown,  West  Virgiuia,  cau 
uot  be  »o  eii8i1y  explained  in  this  manner.  I  transcribe  Pro£  Whitens 
description,  premising  that  his  familiarity  with  the  region  is  groftter 
than  that  of  any  other  competent  observer. 

lu  the  viuiuity  of  Mor^autowii,  torrac4^H  uf  transiiorted  material  occar  at  the  fol- 
lowiiig  approxiiiiat-e  (iiiciutured  by  barometer)  olovatioiiH: 
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The  tirnt  ternice  Ih  tlio  present  llood-plaiu  of  the  river,  cousisting  prinoixMiIlyoffiM 
Hand,  mud,  aud  gravel.     *        *        * 

AU  of  the  other  terraces  have  thick  deposits  of  trauHported  material,  wherever  the 
original  contour  of  the  Hurface  has  favored  its  preservatiou  from  erosion.  From  the 
top  of  the  fourth  terrace  Mr.  Keck  dug  a  well  through  seventy  feet  of  clay,  gravel, 
and  bowlders  without  finding  bed  rock.  He  also  encountered  logs  uf  wood  in  a  soft 
or  semi-rotU^n  condition  near  the  bottom. 

Many  other  wells  on  the  third  terrace  have  been  sunk  to  depths  of  30  and  30  M 
without  reaching  bed  rock.     *        •        • 

Owing  to  the  considerable  elevation — 27r>  feet — of  the  fifth  terrace  above  thepceieat 
river  bed,  its  de^msits  are  frequently  found  far  inland  from  the  Monougahela,  ontribs* 
tary  Ktreamn.  A  very  extensive  deposit  of  this  kind  occurs  on  a  tributary  onouidft 
halfiniN'.  norlln'ji.st  t)fMor;^;iiit(>\vn,  and  tln'-  rt*;4ion.  which  iiicliules  three  or  fourwiuan^ 
miles,  is  si«;inticant.ly  known  hh  the  "  lluts."  Tho  ohnation  of  the  ^'Hats"  ih  *J7')  I'lrl 
above  th(^  livrr,  oi  l,«i()r>  U'k.I  jibove  i'uW.  'IMh;  deposits  on  this  area  <'.on8ist  alimtet 
ontin.'ly  ol'irlji.Ns  and  lino  handy  material,  thert^  being  very  tew  bowlilers  iuteruiiuglwl- 
The  <lei)th  of  the  deposit  is  nnknown,  hince  a  well  sunk  on  tht».  land  of  Mr.  Baiitr 
j»aKst'(l  thron«:;h  alt<'rnale  beds  of  clay,  ^ln^^  sand,  and  nincbly  tnish  to  a  depth  of  (m  ft'«l 
wiihont  reaching  bed  rock.  In  .some  jjortiojis  of  tlio  chiys  whicli  make  up  this  deposit, 
llio  leaves  of  onr  common  forest  trc<'8  an?  fonnd  most  beautifully  pre^jerved.  Whethir 
or  not  tliey  show  any  variations  from  the  s])ecies  ^^rowing  in  that  region  the  writer 
hal  not  ycit  had  time  to  determine,  but  when  a  larger  collection  has  been  ohtainwl 
this  sul»Jei;i  will  receivi^  the  att«Mit.ion  that  it  deserves,  since  if  the  date  of  the  glat-ial 
e|)o<!h  be  vt;ry  remote,  the  species  mnst  necessarily  hhow  some  divergence  froui  tbe 
present  Mora. 

Ot  animal  remains  tin*-  only  tVagment  yet  discovered  m  this  higheMt  of  terraccH is  tlitf 
tootli  of  a  mastodon,  dug  n[>  near  Sti;wartstowii,  seven  miles  iiortheii8t  from  Morgan- 
town. 

Mon*  recently  I^rof.  Wliitc'  contributes  other  interesting  fact^  wliicli 
concern  tlu^  terraces  farther  u^)  the  Monon^ahehi,  and  which  CxUi  best 
i>e  quoted  in  this  ('onnection  : 

Owiij'x  to  tin",  natnn-  of  the  topograi)liy,  and  tlie  country  rock  along  th4)  draiuiUn 
streams,  the  re«^i(»n  ahmg  the  npper  Moii«.)n«;;ahela  has  these  terrace  deposits  in  better 
]>reservation  than  any  other  with  \vhich  the  writer  is  ac(inainted,  and  this  iscsp'J' 
cially  trin;  of  ihe  West  Fork  branch  of  that  stream.  It  is  along  this  line  thattlieex* 
istrnci;  iti'  a  .1,'reat   siihmers^ence  w\\vvAv  cuvere<l  the  country  with  a  thick  eoatiiij;  *" 
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lusported  material  up  to  a  certain  level,  is  most  conclusively  shown.  In  thoTogion 
»f  MorgantowD,  on  thA  main  Monongahcia,  these  terrace  deposits  end  at  about  two 
iimdied  and  seventy-five  feet  above  low  water,  or  1,065  feet  above  tide,  while  at  Fair- 
aoant,  26  miles  above,  there  is  a  vast  amount  of  this  terrace  material  thrown  down 
iboot  the  jnnetion  of  the  Valley  and  West  Fork  Rivers,  and  the  upper  limit  of  the 
tme  is  a  littlo  over  two  hnndred  feet  above  low  water,  which  is  here  850  feet  above 
ide. 

About  twenty  miles  farther  up  the  river  (West  Fork),  near  Shinnston,  the  upper  limit 
f  the  terrace  material  is  found  at  160  feet  above  the  water,  bnt  here  the  latter  has 
n  elevation  of  about  eight  hundred  and  eighty -five  feet  above  tide. 

At  Clarksbnrgh,  where  the  river  unites  with  Elk  Creek,  there  is  a  wide  stretch  of 
smMse  deposits,  and  the  upper  limit  is  there  about  one  thousand  and  fifty  feet  above 
de,  or  only  130  feet  above  low  water  (920),  while  at  Weston,  40  miles  above  (by  the 
ver),  these  deposits  cease  at  70  feet  above  low  water,  which  is  there  1)85  feet  abovo 
de.  It  will  thus  be  observed  that  the  upper  limit  of  the  deposits  retains  a  practical 
orisontality  from  Morgantown  to  Weston,  a  distance  of  100  miles,  siuce  the  upper 
DDit  has  the  same  elevation  above  tide  (1,045-1,065)  at  every  locality. 
These  deposits  consist  of  rounded  bowlders  of  sandstone,  with  a  large  amount  of 
sy,  quicksand,  and  other  detrital  matter.  The  country  rock  in  this  region  conHists 
'the  Bofb  shales  and  limestones  of  the  Upi>er  Coal  Measures,  and  hence  there  are 
soy  "  low  gaps''  from  the  head  of  one  little  stream  to  that  of  another,  especially 
ongthe  immediate  region  of  the  river,  and  in  every  case  the  summits  of  these  di- 
des,  where  they  do  not  exceed  an  elevation  of  1,050  feet  above  tide,  are  covered 
ith  transported  or  terrace  material,  but  where  the  snminits  go  more  than  a  few  feet 
N)ve  that  level,  we  find  no  transported  material  upon  them,  but  simply  the  decom- 
ised  country  rock. 

A  fine  example  of  one  of  these  bowlder-covered  dividas  maybe  seen  at  the  month 
'the  Youghiogheny  River,  back  of  McKeesport,  Pennsylvania.  The  "divide"  in 
lestion  is  one  between  the  waters  of  Long  Run,  which  puts  into  the  Youghiogheny 
ro  miles  above  McKeesport,  and  that  of  another  little  stroani  which  heads  up  agaiimt 
,  and  flows  into  the  Monongahela  within  the  city  limits.  The  divide  between  thcne 
vo  water-ways,  although  275  feet  above  the  level  of  the  river,  is  almost  imperceptiblo 
I  abroad  and  bowlder-covered  valley  through  which  there  is  not  the  slightest  doubt 
latthe  waters  of  the  Youghiogheny  once  ilowed  during  the  exM>ch  of  submergence. 

Another  typical  illnstration  of  these  terraces  in  the  valley  of  the 
[oDongabela  occurs  at  GarmichaePsy  Greene  County,  Pennsylvania. 
lannichaePs  is  about  five  miles  west  of  the  river  and  (as  shown  in  the 
ocompanying  map)  about  the  same  distance  from  an  angle  in  the  stream 
^hich  it  makes  in  turning  to  the  north.  The  village  is  built  on  what 
1  called  the  "  Glades,''  which  extend  about  two  miles  in  one  direction 
nd  three  in  the  other.  The  Glades  are  about  two  hundred  and  fifty 
iet  above  the  river,  and  from  one  to  two  hundred  feet  below  the  gen- 
Rd  level  of  the  country,  and  are  connected  by  a  pretty  well  define<l 
bannel  at  about  the  same  level  with  the  river  both  above  and  below. 
».bove,  this  old  river  channel  is  continuous  with  one  on  the  east  side 
ear  Masontown — the  two  old  channels  forming  a  sort  of  a  double  ox- 
ow  in  the  reverse  direction  from  those  in  the  present  bed  of  the 
Isream,  and  about  two  hundred  and  fifty  feet  above  it.  The  whole 
Jurse  of  this  old  channel  is  marked  by  rounded  pebbles,  such  as  are 
>nnd  at  the  bottom  of  the  present  river,  and  these  are  covered  more  or 
«8  with  several  feet  of  loam.  The  glades  at  CaTU\\c\L«b^V?>»  ^t^  ^s.is^^'^ 
"i eolargemeat  in  tlm  old  cljannel.     But  at CaTm\c\\aeV»  ^\o^ol  ^^>o^ 
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wfts  roportwl  to  me.  as  tbiind  biiricil  31)  feet  in  the  sand.     Much  (inlck-l 
J  i^fouiul  from  15  to  2(»  fL'et  below  tbe  surface.     It  hardly  » 

possible  that  wood  should  \i3si  1 
been  preserved  in  such  a  sitaatiDu 
during  rtll  the  immensely  long  per- 
iod required  for  the  rivor  to  lowr 
its  bed  through  the  rock  to  its  pre- 
sent level.  Many  of  tho  river  pelv 
bles  may  belong  to  the  earlier  p«r- 
iod,  bat  after  eliminatingtheeffMta' 
of  that  early  canse  it  is  ditlicitltto 
resist  the  conviction  that  most  of 
the  fliie  loam  and  qnicktiand, 
getlior  with  the  buried  wood, 
long  to  a  much  later  i>eTio*i  of  ._ 
position.  It  is  easy  to  seethat  vittj 
the  water  standing  at  about  thsi 
level  througbont  tlie  whole  valll 
wood  and  clay  and  sand  would  coi 
down  from  the  higher  rcai^hea  . 
tlio  river  and  be  deposited  in  saA 
sequestered  places.  Any  camI 
tlint  van  be  shown  to  bare  acttd 
!<■  uminneiv  JH  recent  times  to  raise  tho  i 
QnnichMr*.  to  tjiat  level  will  furnish  the 

natural  explanation  of  the  facts. 
Wood  has  been  found  alHo  in  a  similar  situation  in  the  remarkablo 
terrace  on  tlic  Alleghany  Bivor,  near  I'arker,  Pennsylvania,  Here  atw 
there  is  a  sort  of  a  double  ox-l)ow  at  a  level  of  about  two  hundred  and 
fifty  feet  above  the  preseut  bed  of  the  river.  But,  unlike  the  gravel  at 
Oarmichael's,  the  gravel  hero  is  partly  comjwsed  of  granitic  pebbles, 
though  far  outside  of  the  region  of  tlic  direct  action  of  glacial  iofl. 
Like  that  at  Bolievue,  on  tho  Ohio,  this  gravel  bears  unmistakable  evi- 
dence of  having  been  deposited  during  the  glacial  period.  The  wooi 
was  reported  as  dug  from  quicksand  in  a  well  two  miles  east  of  tbe 
Alleghany,  near  the  ea«tem  limit  of  tho  high  deposit  containing  tie 
IHibblos  just  mentioned.  It  siionld  be  noted,  however,  that  the  abso- 
lute level  of  this  deposit  at  Parker  is  somewhat  higher  than  that*' 
Bellevue,  but  it  scarcely  differs  at  all  from  that  of  tho  fifth  terrace  A^ 
scribed  by  White  as  extending  from  below  Morgantown,  West  Virginia, 
to  Olarksbnrgh. 

Eiver  d^>0Kits  in  Tmzes  Valley,  West  Vir/finia. — Still  another  instance 
of  wood  which  has  been  proservetl  in  a  deposit  of  the  glacial  age  is  wortbj 
of  minute  description.  In  this  case  I  have  tho  advantage  of  having 
found  it  myself.  The  locality  to  which  we  are  now  transferred  is  that 
of  Teanes  Valley,  I'utuam  Oounlv,  NNe^X,  Wt^uw^    This  valley  rons 
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be  Kanawha  Biver,  a  little  below  CliurlcHtoii,  to  the  Ohio  at  the 

of  the  Gnyandotte,  near  HantingtOD.    The  valley  is  clearly 

b  a  remnant  of  early  eroHion,  when  the  water  of  the  Upper  Kana- 

ook  that  conroe  to  join  ttie  Ohio.    The  valley  is  very  clearly 


Fin,  n.— Map  of  Tr>»Kn  Vnlley.  Went  Vlrglpla. 


1,  being  aboQt  a  mile  wide  and  from  two  to  three  hnndred  feet 
ban  the  hilla  on  either  side,  iiikI  having  a  remarkably  level  floor 
Itout  the  greater  part  of  its  course.  The  bottom  of  the  valley  is 
ironghont  witli  a  deposit  of  river  pebbles  covered  many  feet  deep 

mixture  of  sand  and  clayey  loam.  (See  Plate  Vl.)  In  some 
this  loam  is  from  thirty  to  forty  feet  deep,  oxtondiug  for  several 
fithout  interruption,  as  at  Long  Level,  abont  the  middle  of  the 
Ucroa  section  abont  ojie-lialf  mile  long  and  25  feet  deep  shows 
top  a  stiff  stratum  of  clay  containing  wood  at  a  depth  of  seven 
[mmediately  below  is  sand  containing  much  iron  and  cemented 
it  by  the  infiltration's  of  the  ore.  The  stratum  above  containing 
3d  bad  never  Imjcu  rtistnrbod,  and  the  wood,  a  small  specimen  of 

of  some  coniferons  tree,  is  remarkably  fresh  in  its  whole  ap- 
ce.  It  is  scarcely  jiossiblc  that  it  should  have  remainc<l  iu 
position  iluring  all  the  time  required  for  the  erosion  of  the  Ohio 

and  its  tributaries  from  the  level  of  Teazes  Valley  to  its 
Si  level,  250  feet  below.  Besides,  there  are  many  other  things 
to  show  that  tlio  deposit  was  in  slack  water  rather  than  on  the 
of  a  running  stream.     Unlike  the  deposits  of  a  river  on  its 

in  this  case  the  silt  (extends  clear  acrosn  the  valley,  covering 
ling  to  a  uniform  depth,  except  where  it  has  been  removed  by 
uent  irregular  en)sion.  A  single  cut  in  this  silt,  shown  in  IM. 
)ne-balf  mile  or  more  in  length. 

;iicr  evidence  of  Ihe  recent  date  of  this  de.\w«\\t  o^  txw:?  sta.  as. 
■etl  ivith  tlw  ora-iion  of  liif,  valley,  appears  iu  Uw.  TttVAXisow «aV'Ctt'& 
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transverse  valleys  to  it.  Mud  River  and  Hurricane  Creek  are  two  small 
streams  hsiug  some  little  di5>taiiee  to  the  south  of  the  valley,  but  now 
either  joining  or  crossing  it  at  a  level  sixty  or  seventy  feet  lower  tban 
that  of  the  rocky  bottom  of  the  valley  (see  map  of  Teazes  Valley).  Mud 
Kivcr  joins  the  valley  at  Milton,  and  then  turns  westcaud  follows  its  coarse 
to  the  Guyandotte.  I^ut  its  level  even  above  where  it  now  joins  the  val- 
ley is  120  feet  lower,  and  this  a  channel  worn  in  the  solid  rock.  HarricaDe 
Creek  is  a  still  smaller  stre^im j  and  crosses  the  valley  within  a  few  miloH 
of  its  eastern  end,  emptying  into  the  Kanawha  some  miles  farther  down. 
Where  it  crosses  the  Teazes  Valley  its  bed  is  sixty  or  more  feet  lower 
down  ill  the  rock  than  that  on  which  the  pebbles  and  silt  restthroagb- 
out  the  valley,  and  these  deposits  come  down  on  the  rocky  shelf  bonier- 
ing  the  Hurricane  in  a  way  to  show  that  it  could  not  have  remained 
wiiere  it  is  during  the  time  required  for  so  small  a  stream  to  wear  down 
so  extensive  a  channel. 

Th(5  old  river  valley  in  Hoyd  County,  Kentucky,  b^ick  of  AshlaDtl,  w 
really  a  continuation  of  Teazes  Valley,  wiiich  then  continued  down  88  far 
as  opposite  Hanging  llock,  just  below  Ironton,  Ohio.  It  was  the  river 
l>ebbles  in  this  part  of  the  old  valley,  just  back  of  Ashland,  which  de 
ceived  some  of  the  earlier  observers,  and  led  to  the  impression  that  tliere 
were  signs  of  the  actual  presence  of  gla<;ial  ice  in  this  county  in  Ken- 
tucky. On  close  examination,  however,  it  appears  that  the  pebblesare 
all  regular  river  pebbles,  and  moreover  are  all  from  the  valley  of  tlie 
Kanawiia.  Especially  there  is  to  be  noted  a  dark-colore<l  flint  pecaliar 
to  the  mountains  of  West  Virginia. 

Terravcfi  on  thu  ll'uj  Sandy, —  F>ut  wood  is  not  tlio  only  perishable  ma 
terial  whose  i)rc',scrvation  is  signilii^ant.  Pebbles  ol'  the  soft  saiHlston«*> 
of  the  eoal  measures  are  almost  e<iually  ])erisliabl(»,  and  Prof.  I.  C- 
\Vliit«»  reports  aeeumulationsol'  these  at  various  ixniitsat  high  levels nii 
the  southern  tributaries  of  the  Ohio.  One  sueh  instance  is  on  theri;;lit 
bank  of  the  F>ig  San«ly,  10  miles  above  its  junction  with  the  Ohit'- 
Here  Professor  White'  has  deseribed  a  deposit  of  rounded  and  Jiattish 
bowlderets  froi»i  two  to  four  inches  in  <lianieter  and  tSO  feet  above 
the  stream  (1I.")0  above  tide).  *' These  rounded  bowhlers  of  local  coiil 
measun*  sandstone  |in  the  oi)inion  of  Prof.  White]  could  hardly liJiv«' 
resisted  the  elements  <hirin.u"  the  long  time*  since  tlu*  l>ig  Sandy  Valh') 
existcMl  at  this  KM)- foot  level." 

Th(»  hill  on  whit-h  they  occur  is  a  toj)ographical  summit  for  theiinm^ 
<liat(»  vicinity  so  that  this  does  not.  r<'pres(Mit  th(>  highest  <loi)ositsol 
such  a  nature  in  tli(*  n^gion.  A  similar  de]>osit  occurs  on  the  Guyrt"* 
dotte,  at  the  month  of  White  Oak  ("reek,  wIkmv  a  bed  of  bowlders  w:i^ 
observed  by  Prof.  White  extending  up  to  150  feet  above*  the  river,  or  to 
1)25  abovt^  \\i\i\  - 

Tcrravcs'  nn  ihr  FJl:  Jiircr. — A  still  mon^  simiificant  collection  of  siu'li 

'  Aui.  .'our.  Sn.,  '.\i\  sriios,  vol.  I'.l,  l^'^T,  p.  '.\7^y.  '  Loo.  cii. 
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\\  near  the  janctipn  of  the  Elk  with  the  Kanawha  is  thus  de- 
in  a  communication  to  me  by  the  same  experienced  observer : 

the  Kanawha  meets  the  Elk  at 
on,  West  Virginia,  a  great  bed  of 

trash  extends  to  225  feet  above 
r  (780  feet  above  tide),  amoDg 
*e  large  numbers  of  metamorphic 
nm  the  Blue  Ridge  region  of  Vir- 
tlany  bowlders  go  iiinch  higher, 
1110  extend  to  390  feet  above  the 
to  945  feet  above  tide. 
'  the  best  pieces  of  evidence  for 
al  dam  that  I  have  found,  ont- 
eazes  Valley,  may  be  seen  a  short 

up  the  Elk  River,  at  the  summit 
vide  separating  the  waters  of  two 
"eams,  which  both  empty  into  the 


re  find  a  deposit  of  clay,  bowlders, 
r  trash  on  the  summit  of  the  di- 
1  how  it  could  have  got  there  ex- 
n  backwater  of  some  kind  cover- 
inrf  ace  there  I  am  at  a  loss  to  un- 


Fig.  7.— Oatlinemap  of  Elk  Hirer,  West  Vtrpinla. 


her  instance  of  possibly  still  greater  significance  has  been  re- 
by  Professor  White  since  the  above  was  in  type.  It  occurs  on 
.ter-shed  between  the  west  branch  of  the  Monongahela  and 
Island  Greek,  which  empties  into  the  Ohio  some  distance  above 
ta.  The  Parkersburgh  branch  of  the  Baltimore  &  Ohio  Railroad 
a  cut  in  this  summit  about  fifteen  miles  west  of  Glarksburgh, 
Virginia.'  There  is  here  *' a  broad  level  summit,  having  an  ele- 
of  1,100  feet,  in  a  gap  of  probably  300  feet  below  the  inclosing 
That  gap,  or  valley,  is  covered  by  a  deposit  of  fine  clay.  The 
?ongh  it  is  about  thirty  feet,  and  one  can  observe  the  succes- 
clays  of  all  kinds  and  of  different  colors,  from  yellow  on  the 
)  down  to  the  finest  white  potters'  clay  at  the  level  of  the  rail- 
here  the  cut  reaches  bed-rock,  thus  proving  that  the  region  has 
ibmerged.^  This  submergence  would  carry  a  water-level  up  the 
any  Valley  so  as  satisfacorily  to  explain  the  phenomena  there 
ited  by  some  to  a  first  glacial  epoch.  Speaking  of  the  theory  of 
ent  Chamberlin,  that  all  these  deposits  in  the  Monongahcla  Yal- 
Te  connected  with  the  formation  of  the  benches  which  slope 
ard,  and  were  the  result  of  erosion,  Professor  White  claims 
subsequent  to  the  erosion  of  these  benches  all  of  them  were  cov- 
ith  lacustrine  deposits.  The  proof  of  this  is  found  in  the  fact 
ong  the  Monougahela  and  its  tributaries  there  is  at  the  summit 
lacustrine  level  a  deposit  of  clays  and  bowlders  and  erosion 
of  every  description,  beginning  at  1,100  feet  above  sea-level  aud 
ing  down  to  the  present  flood-plain.    15ow,o\\\Xi^l&«X\K\sMyt^^2Ci^^ 
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Ohio  Riiilroiul  (nt  the  point  bcfomdesvrihi'd)  there  is,  it  seems  to  dip,  at 
absoluto  proof  of  this  siibinorgeiice,  beoaasu  the  old  valley  Hlni>c«  Ihert 
ou  the  one  hand  into  the  Ohio  ftnd  ou  the  other  iuto  the  MoDongalid^ 
and  yet  tlio  Bunimit  has  30  feet  of  a  clay  tleposit.aHd  on  this  8omnift| 
and  on  other  tribntnrics  of  tho  Monongahela,  thtwe  clay  deponitx  c^an 
at  altitndoa  of  1,076  to  1,100  feet,  and  above  that  level  therp  in  tio  ilfr 
posit — there  is  fiimiilj  the  decomposed  shale  and  rookn  in  plnoc.  ^\'llf 
Rhoiild  tliese  clay  deposita  cease  near  thnt  prescribed  level  if  thurt'  kn 
becu  no  snbiuorgonco  during  the  later  history  of  tliis  valley  I"' 

Terraces  in  Bath  County,  Kentiuty. — Mr.  G.  H,  Sqnior  has  alao  fnr 
iii8he<l  mo  fucts  of  a  similar  character  concerning  dejMisitB  in  tiie  upper 
portion  of  the  valley  of  Licking  River,  Keutucty.  lu  Bath  Ooinity 
found  over  an  extfinsive  region  of  low  tnl)k--Iand,  between  Slat*  0«k 
And  Licking  Itivor,  and  for  eouio  dintance  to  the  nortii,  largo  numlHtn 
water-worn  ]H;bl>lea,  composed  of  white  quartz,  chert,  black  Hlialo,  and 
sandstone,  ami,  most  remarkable  of  all,  fragnienta  of  wat<tr-w»rn  wsi 
These  are  spreail,  not  over  the  low  tableland  and  in  the  valloyn,  Imt 
over  tho  lower  hills ;  bnt  do  not  extend  vertically  as  high  as  the  vatts-' 
dhetl.  The  pebbles  ofsnndstono  and  coal  must  have  l)cen  brotightdaitf 
tlie  streams  at  least  twenty  miles,  and  it  is  evident  that  tlicy  wM  net 
have  been  left  uiwn  this  table-land  and  these  low  hills  by  mnniiigi 
They  ore  just  snch  deposits  as  would  occur  during  the  existence  of  • 
temiwrary  lake  into  which  floating  ice  from  the  oust  couW  bniig  art 
deposit  tho  materials  in  the  situations  indicated. 

It  may  seem  an  insuperable  objection  to  the  foregoing  theory  of  an 
ice  dam,  that  at  Oil  City  there  is  a  terrace  in  the  fork  of  the  AllegliiHT 
with  Oil  Creek,  wliicli  is  325  feet  above  the  river,  and  that  graTiitte 
pebbles  ai)pear  in  this.  The  low-water  mark  in  the  river  at  Oil  Cilji* 
about  nine  hundreil  and  sixty  foet  above  tide,  which  would  maketlie 
elevation  of  this  terrace  1,285  feet  above  tide.  Also  at  Tidionte,  nliwl 
thirty  miles  farther  up  the  river,  glacial  terraces  are  found  on  Imtli  sifl'* 
of  the  river  at  just  about  the  same  absolute  level.  The  solution  of  tliiB 
difficulty  may  be  fonnd,  on  this  theory,  by  supposing  another  ic«i  daaiii" 
tho  Alleghany,  at  Franklin,  Pennsylvania,  and  direct  evidence  of  flnch 
an  obstniction  is  not  wanting.  On  reexamining  the  region  with  a  tie* 
to  correcting  the  glacial  boundary  as  originally  laid  down  by  Prof- 
Lewis  and  myself,  I  found  abundant  evidence  that  former  saspicionsw 
to  tho  incorrectness  of  our  inferences  were  amply  jtietifled,  and  tliert 
can  be  no  doubt  that  glacial  ice  at  one  time  covered  the  hills  down  W 
the  Alleghany  River  both  above  and  below  Franklin.  Both  above  awl 
below  the  angle  of  the  Alleghany  at  that  point  I  found  granitic  Iw*!" 
dersand  scratched  stones  at  elevations  of  from  four  to  five  hundred  ffet 
from  tho  river,  and  farther  east  than  the  western  angle  of  the  river. 
iRiillntin  of  llii"  OeoloKipal  Sorioty  of  Amcrirn,  vol.  1,  (ip,  477-<71), 
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Seech  FtaU,  Pike  County,  Ohio, — Aiiotbor  crucial  casis  is  to  ^  ttmi 
in  Pike  (Joniitj-,Oliio,  at  the  lieadquartxirR  of  Brudh  Creek.  By  refer 
eiice  to  tlie  nccoinimnyiug  map  it  will  be  seeu  that  at  the  helglit  of  tht 
glacial  period  the  front  of  the  ic«  rested  at  theHorthwestcomerof  Plii 
Coanty,  and  that  the  divide  hetwwu  Paint  Cnwk  and  Baker'a  Fori  o 
BruHli  Creek  is  formed  by  the  extreirie  portion  of  the  direct  glacial  de 
posits.  Before  the  glacial  jieriod  there  wan  »  coatiououR  depression  ma 
uecting  Paint  Creek  with  the  valley  of  Brush  Creek,  though  not  suffl 


(IflpiMlt  betwt 


ciciitly  low  to  make  it  the  line  of  drainnf^e.  At  a  point  about  five  mil 
south  of  Bainhridge,  on  Paint  Creek,  this  depression  is  filled  up,  fro 
side  to  aide,  to  n  heiglit  of  about  two  hundred  i'eet,  with  a  true  glaci 
deposit  containing  numerous  northern  bowlders  and  scrat«hed  stout 
On  the  northern  side,  towards  Paint  Creek,  this  deposit  exhibits  eve: 
mark  of  a  terminal  moraine,  with  its  chiiracteristic  knobs,  ridges,  ai 
kettle-holes;  while  to  the  south  of  it  then^  is  an  extensive  plain,  koov 
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D ibe  locality  as  the  ^^ Beech  Flats."  This,  too,  consists  largely  of  traus- 
torted  material  fi'Oiii  the  north ;  but  it  is  level  topi>ed,  and  is  cousider- 
iAj  higher  than  the  valley  of  Baker's  Fork,  which  heads  in  it  and  runs 
0  the  south,  emptying,  finally,  into  the  Ohio  Biver.  Its  elevation  is 
kboat  nine  hundred  and  fifty  feet  above  tide. 

The  significance  of  this  condition  of  things  cannot  be  fully  apparent 
rithont  a  discussion  of  the  remarkable  facts  connected  with  the  valley 
»f  Paint  Greek  between  Bainbridge  and  its  junction  with  the  Scioto 
iiTer.  From  examination  of  the  map  it  will  appear  that  the  course  of 
liig  creek  below  Bainbridge  is  in  a  northeasterly  direction,  parallel 
rith  and  along  the  very  margin  of  the  glacial  boundary.  The  valley 
)f  the  creek  is  here  about  a  mile  wide,  and  is  bounded  on  either  side  by 
iteep  banks  leading  up  to  the  table-lauds  about  five  hundred  feet  above 
he  stream.  We  cannot,  as  yet,  be  certain  whether  during  the  glacial 
leriod  the  ice  extended  to  the  southeast  side  of  this  valley  for  several 
oiles  below  Bainbridge  or  not.  But,  as  Prof.  Orton^  long  ago  pointed 
at,  the  preglacial  outlet  of  Paint  Creek  was  certainly  for  a  time  coin- 
detdy  obstructed  by  ice.  This  preglacial  outlet  continued  onward  in 
b  northeast  direction  till  it  was  joined  by  the  North  Fork,  at  Slate  Mills 
shown  on  the  map),  where  it  turned  to  the  right  and  pursued  its  course 
hroagh  a  broad  valley  to  join  the  Scioto  below  the  present  site  of  Ghilli- 
othe.  It  appears  at  a  glance  that,  while  the  ice  during  the  glacial 
leriod  occupied  the  northeastern  end  of  the  valley,  in  the  vicinity  oi' 
ibite  Mills,  the  drainage  was  compelled  to  seek  a  more  southern  outlet. 
i  visit  to  the  locality  also  makes  it  evident  that  after  the  ice  had 
rithdrawn,  glacial  deposits  in  that  part  of  the  valley  presented  a  bar- 
ier  to  the  occupation  of  its  former  channel  by  Paint  Greek,  compelling 
t  to  seek  an  outlet  by  a  cut-ofi*  iicrosu  a  point  of  the  table-land  extend- 
Bg  ap  to  Slate  Mills  from  the  south.  The  evidence  that  Paint  Greek 
las  occupied  this  cu^off  only  since  the  glacial  period  appears  primarily 
n  the  fact  that  the  narrowness  in  that  part  of  the  gorge  is  in  striking 
xintrast  to  the  other  portions  of  the  valley.  It  has  not  had  time  to 
JQlarge  as  other  portions  of  the  valley  have.  Whereas  other  portions 
ki6  about  one  mile  wide  at  the  bottom,  this  is  not  over  500  feet. 

As  before  remarked,  the  table  lands  are  here  about  five  hundred  feet 
kbove  the  valley  of  Paint  Greek,  and  are  built  up  of  parallel  strata  of  soft 
(hale  underneath  and  Waverly  sandstone  on  the  surface,  the  shale  oc- 
'Qpyiug  here  much  the  larger  i)ortion  of  the  perpendicular  height.  It 
^as  Prof.  Orton's  opinion  that  this  cut-off  was  formed  by  the  action  of 
ihe  water  which  flowed  along  the  front  of  the  ice  while  it  closed  the 
ower  part  of  Paint  Greek  Valley,  in  the  vicinity  of  Slate  Mills,  and  it 
las  even  been  suggested  that  this  might  serve  as  a  measure  of  tlie 
©ngth  of  time  during  which  the  ice-front  remained  at  this  point,  the 
i>roblem  being  how  long  time  would  be  required  for  the  formation  of 

^Second  Geol,  Survey,  Ohio,  vol.  2,  pp.  iiS'^-ftyb. 
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Moll  ngorgo  ill  such  stviitii,  tliu  iliBtsincL-beiiigiii  the  iieiffliborlioodof  ttoi 
<miluH,  aud  the  ntmta  being  luvorablo  to  riii>i<l  uroxioii.  i 

But,  upon  furllii'r  ttsitmiuutiou  and  uiorc  mature  retJection,  it  Beemita j 
Qm  (limbLful  whctUor  tUat  wiu  with  (scrtiHiity  bo  ualled  in  its  wholltl 
[  extent  a,  pQStgliicinI  gorgo.    The  littlu  Htreuin  ihhsu  iiiwn  tlio  mapli^ 
f  enter  tUu  cut-uQ'  at  its  soutlitiru  angle  is  iu  itsoll'  ati  urodiug  ageucy  iCl 
L  coiisiderablo  importauoe,  having  worn  back  sincfl  the  glacial  jieriod^^ 
y  tributary  gorgti  no  less  tlianiiOO  feet  in  lengtli;  sotliatit  isbyuomefuuj 
impossible  that  tUo  whole  gorge  across  the  pronioutory  may  bavc  beett^ 
foroiei:!  by  this  and  perhaps  another  stream  llowtng  one  to  tbe  oast  aud 
tbe  other  to  the  west.    If  this  cnt-ofi'  hatl  been  thus  formed  iu  large 
part  before  the  glacial  period,  then  but  a  very  short  time  woul<l  have 
been  teqaired  to  scour  out  tbc  shale  in  the  lower  part  of  its  bed,sotliHL 
fbo  osteusivc  glacial  de^iosits  in  the  vicinity  of  Slate  Mills  sUould  pCB& 
tuaneutly  turn  tbe  stream  through  the  eut-olf,  M'here  it  now  flows.    HC 
tbo  result  of  my  last  visit  to  the  locality,  I  am  inclined  to  place  Qin 
glacial  lioundary  a  little  south  of  the  cut-otf,  and  make  it  folluw  Qvl 
southeastcTu  side  of  Paint  Ci-eek  Valley  up  to  Itainbridge.    At  aigJ 
'  rate  I  have  found  granitic  pebbles  on  ihu  table-land  fur  some  little  dif; 
teuce  south  of  the  out-oll'.  1 

Uy  notes  report  that  not  oidy  granitic  but  occasionally  scratchtu 
pebbles  were  fouud  upon  the  farm  of  Mr.  A.  T.  Long,  in  iluudugUJ 
^wiiship  (4(H)  feet  above  the  level  of  Paiut  Creek),  and  that  ooo  eaifl 
nUone  fragment  two  feet  in  diameter  vas  distinctly  striated.  MoreexIM 
BJve  deposits  of  gravel  containing  granitic  jiebbles  were  found  at  a  lefl^ 
150  feet  lower  than  Mr.  Long's  farm,  ou  either  side  of  the  water-shed  h> 
tween  the  creek  above  the  cnt-ofl'  and  the  creek  below  the  cut-off,  aui 
fronioue-half  to  one  mile  distant,  and  all  about  one  mile  south  of  thecat- 
off.  These  deposits  can  bo  expbiiuudonty  in  two  ways.  Either  tbe  ioe 
extended  upon  the  highlands  one  mile  south  of  the  cut-o&'(  which  is  tlxi 
more  probable  hj-pothosis)  or  water  stood  at  that  level  while  the  ice- 
(tout  was  in  the  vicinity.  As  to  the  causes  which  might  be  supposeJ 
to  have  ke])t  the  water  at  that  level,  I  will  speak  a  little  later. 

Bcciirriug  now  to  the  deposits  south  of  Braiubridgc,  their  true  sig- 
nificance can  be  made  to  appear.  Beech  Flats  is  evidently  a  still-voler 
deposit,  for  it  is  nearly  level  topped,  slanting  but  gently  to  the  soatb; 
it  iMUetrates  tbo  side  valleys  for  two  miles  soutii  of  the  moraine-like  de- 
posits; it  is  of  line  material  like  the  toess;  it  is  of  considerable  deiilli. 
being  eroded  by  small  streams  in  many  places  so  as  to  show  from  too  \o 
twenty  feet  in  depth  of  homogeneous  material ;  it  ceases  rather  suddenly 
oa  the  southern  side,  though  there  is  no  obstruction  in  thatdirection.  •'*> 
such  deposit  could  have  taken  place  in  that  position  if  tbtire  had  bcwi 
a  ready  outlet  to  the  water  down  tbo  valley  of  Brush  Creek,  for  the 
valley  does  not  materially  contract  in  dimensions  towards  the  sootli, 
and  the  descent,  all  the  way  to  the  Ohio  Biver,  is  rather  rapid,  being  not 
leas  tJiaa  from  six  to  t?n  fe^t^  to  tlw  mUe>.    It  follows  ^t  if  tbe  valley 
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liad  been  o|)on,  a  Ixxly  of  water  large  enough  to  havo  prodm^l  this 
loess  deposit  of  which  Beech  Flats  is  constituted  would  havo  i)roduced 
\  torrent  down  Brush  Creek  of  suflicient  rapidity  and  size  to  have  trans- 
wrted  gravel  and  pebbles  far  down  its  course,  forming  terraces  in  that 
stream  as  in  the  other  streams  emergiug  from  tlie  glacial  boundary. 
Bat  there  are  no  such  terraces.  In  going  three  times  over  the  field  for 
(everal  miles  to  the  south,  I  looked  in  vain  for  any  granitic  pebbles 
Jong  the  stream. 

Patting  the  facts  connected  with  Beech  Flats  with  those  connected 
nth  the  Paint  Creek  cut-oif,  near  Chillicothe,  there  would  seem  to  be 
rat  one  adequate  explanation,  namely,  the  production  of  slack  water 
at  a  level  from  900  to  1,000  feet  above  tide)  by  some  such  temi)orary 
ibstruction  as  I  have  supposed  in  the  Cincinnati  icedam.  This  wouUl 
lermit  a  level-topi>ed  deposit  of  fine  material  immediately  in  front  of 
he  moraine,  such  as  exists  in  Beech  Flats,  and  would  prevent  the 
rausportation  of  overwash  giuvel  down  the  valley  open  in  ordinary 
ircnmstances  along  Brush  Creek.  That  at  that  time  no  line  of  drainage 
oald  have  been  opened  through  the  Paint  Creek  cut-ott*is  also  evident 
rom  the  facts  presented.  The  main  work  of  erosion  through  the  Paint 
)reek  cut-off,  indeed,  may  have  been,  and  probably  already  had  been, 
ccomi)lished  in  preglacial  times  by  small  streams.  But  the  creek 
tself  had  doubtless  continued  in  its  original  channel  until  the  ice  from 
ho  north  reached  Slate  Mills,  when  the  obstructed  water  must  have 
legun  x>ouring  through  the  cut-off,  and  must  have  rai)id1y  completed 
he  work  of  erosion  already  well  advanced  by  the  work  of  the  smaller 
treams.  But  if,  as  we  have  seen  reason  to  believe,  the  ice  continued 
0  extend  until  it  had  passed  the  cutofl',  so  as  to  deposit  the  striated 
wbbles  found  on  the  farm  of  Mr.  Long,  one  mile  south  of  the  cut-off,  the 
»Qtlet  through  this  channel  must  for  a  time  have  been  obstructed,  and 
« there  is  no  other  lower  place  till  reaching  (^ynthiana,  the  drainage 
►rdiiiarily  passing  through  the  mouth  of  Paint  Creek  was  turned  into 
Jrush  Creek,  when,  if  the  waj'  had  been  open,  there  would  have  been 
>rodace<l  a  torrent  as  in  other  valleys  similarly  situated. 

Bat  if  one  is  not  willing  to  grant  that  the  granitic  and  striated  peb- 
bles to  the  south  of  the  cut-off  were  deposited  by  an  extension  of  glacial 
ce,  but  would  maintain  that  tht^se  were  carried  thither  by  floating 
ce,  be  has  still  the  problem  of  accounting  for  standing  water  at  that 
evel  (not  less  than  1,000  feet  above  tide)  on  the  Scioto  side  of  the  pro- 
ecting  table  land  as  well  as  on  the  Paint  Creek  side.  These  deposits 
'lie  mile  to  the  west  of  Mr.  Long's  farm  (on  the  southeast  side  of  Paint 
3reck  Valley  and  250  feet  above  it)  and  similar  deposits  farther  up 
be  valley  might  at  first  seem  to  be  the  result  of  the  more  local  ice  dam 
ttthe  mouth  of  Paint  Creek.  But  when  considered  in  connection  with 
he  similar  gravel  deposits  one-half  mile  to  the  east,  in  the  watershed 
trained  by  Rolstou  Creek,  which  empties  into  Paint  Creek  below  the 
'Ht-oft*,  it  seems  more  likely  that  both  of  them  arc  to  \)Vb  CiOWW^viXvb^^NN'VOvx 
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tlieflntDflcansf,  ami  tliat  thmt^'iiinuiH  tljuom^  wliiuli  pnxliicutl  t)iei«1iu: 
wiitur  ill  wLidi  Beeoli  Klntit  wui^  foimtMl.  Tims  w«  sevta  to  liavei 
tlilti  fortuiDih;  uouibitiutioii  a  ciuuial  test  of  tbo  hypotliosin  in  qiiestiu 
ill  wliicli  the  conditiouH  are  uitst  in  every  important  particular. 

Tliu  tbeory  is  further  confirmed  by  tliu  fiict  tbat  tbu  lowe.r  i>ortion[ 
Paint  Creek  is  so  situatod  witb  referents  to  the  glacial  boundary  ths 
whi?ii  tboice-frunt  at  tliis  point  bad  withdrawn  but  two  or  three  miles,  a 
it  would  very  likely  do  contf-'uiporanoouHly  with  tbe  wltbdrawiU  of  ic 
I'loni  Ki^ntiicky,  an  niupio  outlet  for  glacial  drainage  would  be  opow 
inlu  tbi«  Scioto  ^00  I'cet  lower  tbivn  the  surface  of  the  uioraiuo  betwcu 
Taint  and  Brush  Orcek»;  so  that  the  uaturiil  uecessity  for  a  giadu 
outlet  down  Brush  Crook  would  exist  only  bo  long  aa  tJie  ice  closed  ii 
the  mouth  uf  I'aiiit  Creek.  Ju»t  as  soon,  therefore,  as  the  ice  had  rt 
treated  from  the  Kentucky  hilla  Buulh  of  Oiitciunati  so  wt  to  miso  th 
blocUtule,  and  rcoiH'ued  the  channel  of  the  Ubiu,  it  would  dunhtkii 
also  have  retreateil  from  the  month  oF  Paiut  Cr*Mik,  and  the  liuu  of  ^\:i 
clal  draJnnge  through  that  into  the  Scioto  aud  tbeuco  dowu  tbu  iv 
opeuud  Ohio  would  have  beeu  reestablished. 

A  theory  which  will  bo  naturally  account  for  so  complioated  a  net  u 
fael»  nit  these  iu  well-nigh  proved  by  this  single  iuHCaitoe.  The  mil; 
ctttupcttng  theory  iiosftihte  is  that  of  a  general  oubBideiicu  of  the  eoTiulrj 
producing  the  same  water  level  above  Cincinnati  which  the  ice-iiamii 
supposed  to  have  done.  But  this  tbeory  lacks  such  poKitivo  evidence 
as  we  have  for  the  glacial  dam  at  Cinoiimati,  aud  busideti,  it  is  uol 
proliable  that  a  gciiiTal  di'|ircssion  of  the  couutiy  such  as  wonM  [irif 
diiccslill  water  111:  tin-  lioad  of  IlniMh  Uruek  MtiiiUi  W-  of  such  short.  Ju 
ration  as  in  implied  by  the  facts  conuected  with  this  deposit,  siiiue  luif 
such  general  cause  of  obstruction  wonCd  have  been  likely  to  reverse  ib( 
action  slowly,  and  so  would  have  given  time  for  tbe  formation  of  nu- 
merous benches  on  tbe  iuterior  of  the  deiiosit  toward  the  ice,  whereas 
the  terrace  on  that  side  is  even  more  abrupt  than  on  tho  other. 

Frcehneas  of  the  vegetable  remains  near  the  gUicial  margvi. — The  ques- 
tion of  the  occarronce  of  such  an  immense  interglacial  period  as  is  im- 
plied in  attributing  the  high  level  terraces  Just  montioued,  as  well  ivi 
tbe  glacial  deposits  iu  Boone  County,  Kentucky,  to  a  first  glacial  eiwch 
eutircly  distinct  from  that  which  covered  the  most  of  the  area  marked 
as  glaciated,  can  not  be  settled  without  cousideriug  carefully  tbe  do- 
posits  of  wood  aud  peat  found  uear  the  margin  iu  widely  separated  to- 
enlities  all  along  the  line. 

One  of  tbe  most  instructive  localities  in  which  to  study  these  de- 
posits is  in  tbe  regiou  included  iu  southern  Montgomery  aud  Butler 
Counties,  Ohio. "  These  deposits  were  first  described  by  Prof.  OrtoUi  "i 
the  Ohio  survey,  in  1870,' 

Tbe  moBt  cousiderable  deposit  is  found  near  Germantowu,  on  1^^"^ 
Creek,  iu  Montgomery  County,  about  thirty  miles  north  of  Ciuciunfl"- 

'Aiu.  Jour.  Soi.,'iii»i., '(0\.Wl,\tfi«,VY-'-A-a'- 
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a  sharp  angle  of  the  stream  there  is  exposed  a  perpendicalar 
drift  95  feet  in  height.  Underneath  this  is  a  deposit  of  peat  as 
i  14  feet  thick.  The  npper  portions  of  the  peat  ^^  contain  onde- 
A  sphagnous  mosses,  grasses,  and  sedges."  Both  the  stratum 
md  the  clayey  till  above  contain  ^^  abundant  fragments  of  conif- 
ood,  which  in  many  instances  can  be  identified  as  red  cedar 
rus  virginianus)."  (For  the  structure  of  the  bank  see  Plate 
The  composition  of  the  drift  deposit  above  the  peat  is  as  follows : 
sitely  above  the  peat  there  is  from  fifteen  to  twenty-five  feet  of  true 
lis  has  no  sign  of  stratification,  and  abounds  in  striated  stones, 
ove  occurs  a  band  about  ten  feet  thick  of  stratified  material  con- 
coarse  gravel  and  a  good  deal  of  fine  sand.  Above  this  to  the 
deposit  is  again  true  till,  with,  however,  an  occasional  pocket 
or  thin  layer  of  stratified  material.  But,  both  up  the  stream 
wn  it,  the  cut  terminates  to  appearance  in  vast  gravel  beds 
d  together.  Down  the  stream  the  stratum  of  peat  rises  so  as 
Uy  to  come  in  contact  with  the  band  of  stratified  material  be- 
itioned,  the  intervening  till  meanwhile  gradually  thinning  out 

them.  The  appearance  is  that  of  a  saucer-shaped  deposit  of 
ch  as  would  form  in  a  kettle-hole,  and  which  was  subsequently 
d  covered  over  with  the  advance  of  the  glacier. 
her  it  is  necessary  to  interpret  these  facts  as  indicating  two 
distinct  glacial  ages  or  not  will  naturally  be  a  matter  open  to 
That  the  facts  indicate  a  somewhat  prolonged  interval  be- 
le  first  advance  of  the  ice  over  the  region  and  the  second,  can 
be  denied,  for  the  peat  is  clearly  enough  between  two  glacial 
.    But  it  may  be  well  questioned  whether  an  interval  of  a  few 

years  would  not  suffice  for  the  accnmmulation  of  the  peat  and 
rth  of  the  large  cedar  trees  which,  without  doubt,  flourished  in 
fion  immediately  in  front  of  the  readvancing  ice,  and  were 
iddenly  overwhelmed  by  it.  At  any  rate,  the  other  localities 
L  fragments  of  wood  are  found  imbedded  in  the  till  would  show 
re  was  not  any  great  difference  either  in  the  conditions  or  the 
the  first  and  second  advances  of  the  ice.  Some  of  these  other 
1  now  be  noted. 

lost  extensive  exposures  of  till  containing  woody  fragments 
Sutler  County,  Ohio,  a  few  miles  southwest  of  the  deposit  de- 
fibove.  One  of  these,  near  Darrtown,  on  Four  Mile  Greek,  has 
been  spoken  of  on  page  63.  Upon  reference  to  the  descrip- 
*e  the  course  of  events  would  seem  to  have  been  as  follows :  A 
ry  retreat  of  the  ice  occurred,  during  which,  for  a  short  time, 
»  active  in  depositing  material  over  the  lower  stratum  of  till, 
re  was  a  readvance  in  which  a  vast  mass  of  unsorted  material 
led  along  over  the  stratified  stratum  without  disturbing  it. 
ermantown,  in  the  bank  described  in  theprecediii^^^x^^^^^V 
I  discorereil  aa  many  a^  four  such  marks  ot  aucw^sW^^A^^'Oi^^^ 
U.5S 7 
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and  retreats.  PI.  Vlll  ehowH  a  section  of  till  on  a  tributary  of  Four 
I  Milo  Creek,  near  Oxford,  Butler  (Jouuty,  a  few  miles  ouly  trom  Dan- 
I  town.  In  tbis  the  unstratitied  cliuracter  of  tlie  deposit  is  sufScieotly 
F  manifest,  and  a  piece  of  wood  noil  t>reseTved  'm  seen  iirojecting  fn)m 
'  tlie  periieiidicular  csposure  of  tlie  bank.  This  is  about  forty  feet 
I  bolow  the  surface,  and  is  wliere  no  land  slide  could  bare  occurred. 
^  Kqiially  good  seclious  were  afterwards  seen  iu  tlie  same  county  od  Auut 
'  Ann's  Hun,  near  the  city  of  Hamilton. 

The  wood  in  the  instances  next  mentioned  is  found  Htill  uearor  the  ),'liv 

clal  margin  and  tlioy  are  of  sneli  a  character  and  no  nnmerouH  a^  to 

connect  the  previous  instances  witb  a  (;lauial  uiuvcment  extending  u 

very  near  the  extreme  margin  of  au;  signs  of  the  direct  action  oi 

i  glacial  ice. 

k  It  is  reported  to  me  that  a  sycamore  log  was  found  at  MorgantovD, 
I.  Morgan  County,  Indiana,  3H  feet  below  the  surface.  This  is,  however, 
>  in  a  stratilied  deposit,  but  one  which  was  evidently  formed  in  connec- 
tion  with  the  last  stages  of  the  glacial  period  at  that  poitit.  It  Ia  one- 
quarter  of  a  mile  back  from  the  little  creek  running  through  tlievji' 
'  lage,  and  the  glacial  limit  is  but  a  few  miles  south,  on  the  higher  larnlH 
"■  of  Brown  County. 

Hear  Seymour,  JacksoD  County,  Indiana,  logs  of  wood  are  reported  as 

Ioocasionally  found  in  digging  wells  iu  the  village  at  a  depth  of  20  fwit 
below  the  surface,  Seymour  is  on  a  glacial  terrace  iu  the  line  of  Col- 
lett's  glacial  stream,  which  was  sujtposed  to  flow  just  east  of  tlie  liifrh- 
lands  in  Brown  County,  and  southward  towards  Jefferson ville.  Tlifi 
wide  ternice  on  which  Seymour  stands,  and  iu  which  the  logs  are  foarnlt 
is  about  sixty  feet  above  the  present  bed  of  the  east  fork  of  White  Eivw, 
running  through  the  place.  Black  walnut  logs  are  also  mined  from  Ibe 
backs  of  the  river  in  low  water.  This  instance  is  probably  not  decisive 
of  the  age  of  the  buried  wood,  as  the  terrace  may  be  the  product  of 
the  so-called  second  glacial  period.  All  agree  that  one  of  the  later 
forward  movements  of  ice  in  the  interior  came  down  as  far  as  the  uortb- 
eru  border  of  Brown  County.' 

Other  most  decisive  instances  occur  in  Bigger  township,  in  tlie  sonth- 
eastern  cornerof  Jennings  County,  ludiaua.  Here,  as  already  said,'  wooJ 
occurs  in  one  well  12  feet  deep  in  true  till,  while  near  by  wood  ms 
reported  to  me  as  found  30  feet  below  the  surface  in  a  well  that  fatol 
to  reiich  the  ruck  ;it  tli;it  dcpMi.  This  in  on  as  high  laiid  as  there  is  iu 
that  region,  and  is  about  ten  miles  north  of  Madison,  on  the  Ohio  Blver, 
and  about  five  hundred  feet  above  it;  and  the  signs  of  glaciationitfe 
abundant  over  the  whole  region.  The  well  reported  by  Professor  Bor- 
dcD,'at  Paris  Crossing,  in  Jennings  County,  as  containing  wood  in  blue 
drift  clay  40  feet  below  the  surface,  is  about  twelve  miles  southwest  of 

'  PreliraiDary  paper  on  tlie  Terminal  Moraine  of  the  Second  Glacial  Epoch bjli"- 
Cbaaiberhu,  Tbird  Annual  Kept.  U.S.Geal.Sun'ey,  1863,  p.  333. 
'See  page  C7. 
^$er0DtIi  Aimual  Report  Geoiogica\8vir\6^,'VQ4\w»AOT\«l^ViSn'S^,V>Da. 
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Dg  place.  That  at  Milan,  with  mttck  and  wood  54  feet  down 
evidently  the  true  till  of  the  region,  is  near  the  summit  of 
mty,  Indiana,  and  is  as  far  south  as  Oincinnati,  and  about 
38  northwest  from  the  river. 

Iton  County,  Ohio,  Col.  Charles  Whittlesey  reports  thirty-five 
»ning  muck  beds,  leaves,  or  timber,  from  300  to  500  feet  above 
^iver.^  That  at  New  Burlington  is  certainly  in  till, 
land  County,  Ohio,  Prof.  Orton  reports  many  cases  of  the 
of  such  vegetable  deposits.  In  the  village  of  Marshall 
dlls  out  of  twenty  reached  a  stratum  of  vegetable  matter,  with 
,nches,  roots,  and  trunks  of  trees."  Marshall  is  on  the  very 
bciation.  Similar  instances  were  reported  to  me  in  the  south- 
'  Highland  County  and  in  Clermont  County. 
County,  near  Lattas,  Mr.  J.  M.  Council  reported  to  me  find- 
n  a  well  on  his  farm.  This  is  situated  very  near  the  extreme 
kcial  action,  and  is  where  it  could  not  have  been  brought  into 
'  water  action.  Mr.  Conuell's  farm  is  425  feet  above  the  val- 
ikfort,  two  miles  to  the  north,  and  525  feet  above  the  valley 
oto  Biver  at  Chillicothe,  10  miles  to  the  east.  The  till  is 
in  great  quantities  against  and  upon  the  margin  of  the  rocky 
)re  facing  the  north.  The  well  described  was  in  this  marginal 
le  highest  land,  and  passed  through  12  feet  of  yellow  clay, 
gh  three  or  four  feet  of  blue  clay,  then  10  feet  of  yellow  clay, 
1  for  five  feet.  About  thirteen  feet  below  the  surface  there 
Ell  log  of  wood  three  or  four  feet  long,  and  about  three  inches 
r.    This  was  in  blue  clay,  and  was  accompanied  with  traces 

mitted  to  mention  many  other  places  where  wood  is  reported 
3  x)erhaps  preglacial  channels  serving  as  outlets  to  the  south 
ing  torrents,  and  which  may  have  been  transported  a  long 
:om  their  native  place.  One  such  was  reported  tome  in  the 
Laccoon  Creek  in  Granville,  Licking  County,  Ohio,  and  but  a 
Tom  the  glaciated  border.  This  was  found  94  feet  below 
5  of  the  terrace,  which  would  bring  it  about  forty  feet  below 
t  bed  of  the  stream.  A  few  miles  farther  up  in  this  same 
cedar  logs  were  formerly  found  in  great  numbers  beneath 
3rred  were  the  glacial  terraces  along  the  valley;  and  the 
30  fresh  that  a  flourishing  business  was  for  awhile  carried 
ifacturing  them  into  pails.  Bed  cedar  is  not  found  growing 
:ion  now,  and  tlie  logs  were  evidently  of  the  same  period 
)  described  as  found  in  true  glacial  till  in  Butler  County.' 
llett  reports  that  all  through  southwestern  Indiana  there  are 
.  60  to  120  feet  below  the  surface,  peat,  muck,  rotted  stumps, 
anches,  and  leaves  of  trees,  and  that  these  accumulations 


iltbsouiaii  ContrihutionQ  for  1869,  pp.  1*3, 14.  -  ^*i^  «A>on^  '^^  ^- 
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Bometimcs  occur  tliroitgh  a  thicktiess  of  from  two  to  twenty  ftwt.  One 
mile  west  of  Switz  City,  in  Greene  County,  Indiana,  a,  hickory  log  was 
reported  to  me  as  found  ttO  feet  below  tlie  surface,  bat  according  to  luy 
observations,  tliis  was  a  abort  distance  outside  of  the  glaciated  limit,  and 
may  hare  been  of  recent  origin. 

SUM3IARV, 

It  will  be  prolitabte  at  this  point  to  take  a  rapid  surrey  of  the  facts 
bearing  on  the  theory  of  a  glacial  dam  at  Cincinnati. 

(1)  The  deposits  in  Kentucky  south  of  the  Ohio  River,  in  Boone  an  A 
Campbell  Coontiea,  seem  to  be  such  that  only  glacial  ice  could  have  do  - 
posited  them.  This  being  granted,  the  question  then  comes  whotb^^ 
this  extension  of  glacial  ice  took  place  before  or  after  the  erosion  of  th  -^ 
trough  of  the  Ohio  River.     Bearing  on  tliia  qnestion  we  note  that — — ' 

(2)  The  freshness  of  the  glacial  deposits  in  Uaniiltou  County  immc^ 
diatcly  north  of  the  river,  together  with  the  perfectly  preserved  speciiS 
mens  of  wood  just  enumerated  from  till  in  JeETersou  and  Ripley  counties  ~ 
Indiana,  aud  in  Bntler,  Hamilton,  Clermont,  and  Highland  Oonnties^ 
Ohio,  would  seem  to  indicate  that  they  belonged  to  a  period  much  les^ 
remote  than  that  when  the  Ohio  was  flowing  in  a  rocky  bed  from  thre*^ 
to  four  Imndred  feet  higher  than  that  now  occupied.  Aud  it  is  searoelyH 
])robBble  that  a  second  general  glacial  ]>eriod,  separated  so  far  from  th(^ 
first,  would  lie  su  nearly  coinuiiU'iit  in  oxtfnt  with  the  first  as  it  nmsC^ 
have  been  if  the  deposits  south  of  the  river  belong  to  the  earlier,  and- 
those  north  of  the  river  to  the  later,  period. 

(3)  The  high  terraces  on  the  Big  Sandy,  in  Teazes  Valley,  at  the  jane- 
tion  of  the  Kanawha  and  Elk  Rivers,  and  nearMorgantown,  Fairmont, 
aiul  Clarksburgh,  in  West  Virginia,  and  at  Carmichaels  on  the  Mononga- 
bela,  in  Pennsylvania,  can  with  difficulty  be  assigned  to  that  remote 
period  when  the  streams  in  those  valleys  flowed  over  rocky  beds  at 
heights  corresponding  to  the  height  of  the  terraces.  Slack  water  of 
some  kind  must  be  supposed  to  account  for  their  evidently  recent 
origin. 

(1)  The  fine  character  of  the  sediment  constituting  the  overwash  in 
front  of  the  moraine  at  the  head  of  Baker's  Fork  of  Brush  Creek,  in 
Pike  County,  Ohio,  indicates  a  body  of  still  water  there  at  a  height  cor- 
res^Ktuding  to  that  of  the  supposed  Cincinnati  dam.  The  absence  of 
terraces,  and  indeed  of  any  northern  drift  along  the  lower  portions  of 
Brush  Creek,  is  additional  proof  of  the  same  condition  of  things. 

(5)  Many  of  the  high  level  terraces  in  the  upper  Ohio  and  its  tribu- 
taries may  be  but  remnants  of  river  beds  when  the  rocky  bottom  was 
at  that  level.  But,  since  some  of  them  were  as  evidently  due  to  slack 
water  deposition,  when  floating  ice  was  abundant,  simply  considering 
tbem  in  them.selves,  it  would  rcniaiii  to  choose  between  two  theories  as 
to  the  cause  of  the  slack  water.  The  ice-dam  theory  has  a  rival  in  that 
of  the  general  submergence  of  the  Alleghany  plateau  to  a  depth  of  a  (lioa- 
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sand  feet  or  more.  This  has  against  if  the^normons  aniouiit  of  change 
implied.  It  is  an  inordinate  ciinse  to  iutrod uee'to  account  for  so  small  a 
resolt.  Furthermore,  according  to  Prof.  Led'eyyVthere  are  not  any 
correepoiiding  terrace  remnants  on  the  east  side  bt  th6  Alteghanies,  as 
there  should  be  on  this  theoiy.  Still,  this  is  a  point-to  Wi&ore  fally 
inTestigated.  The  deposits  of  gravel  and  pebbles  in  the  valiey  of  the 
opper  Potomac  above  Cumberland  without  much  doubt  mark  former 
levels  of  the  river  bed  and  do  not  imply  a  submergence.  I  have  hot 
seen  any  definite  descriptions  of  deposits  farther  south  corresi>onding 
to  these  still-water  deposits  which  I  have  attributed  to  the  obstruction 
by  the  Cincinnati  ice  dam. 

As  the  case  now  stands  in  my  own  mind,  both  the  theory  of  continental 
d^>res8ion  and  that  of  such  an  enormous  period  between  two  nearly 
oonterminons  fields  of  successive  glaciation  as  is  implied  in  attributing 
the  deposits  south  of  the  Ohio  and  the  high  level  terraces  of  the  upper 
Ohio  to  a  glacial  period  when  the  rivers  flowed  in  rocky  beds  of  corre- 
sponding height,  must  give  place  to  the  simpler  theory  that  the  ice, 
which  all  admit  extended  at  no  very  distant  date  to  the  north  bank  of 
the  Ohio  for  a  distance  of  50  miles,  also  extended  at  that  time  a  few 
miles  fieirther,  and  temporarily  obstructed  the  channel,  forming  thus  an 
ioe  dam  of  about  five  hundred  and  fifty  or  six  hundred  feet  in  height. 

On  this  supposition,  so  natural  in  itself,  all  the  facts  are  easily  ex- 
plainable. So  confident  have  I  become  in  the  reality  of  this  dam 
that  I  have  not  hesitated  to  use  it  as  a  means  of  putting  myself  in  the 
line  of  discovering  other  facts  which  are  the  natural  consequence  of 
this.  Many  of  the  facts  enumerated  in  this  paper  (as,  for  example, 
those  connected  with  the  headwaters  of  Brush  Creek)  were  thus  dis- 
covered. It  was  reasoned  that  they  must  exist  from  the  nature  of  the 
Buppositioii ;  and  upon  examination  in  proper  localities  it  was  found 
that  they  did  exist  according  to  previous  calculation.  I  need  not  say 
that  sach  experience  is  the  most  convincing  proof  of  a  theory. 

THE  LOESS  AND  ITS  RELATION  TO  THE  GLACIAL  DRIFT. 

A  striking  characteristic  of  the  glacial  deposits  in  southern  Illinois, 
Indiana,  and  Ohio  is  that  they  are  overlaid,  to  a  greater  or  less  extent, 
by  a  very  fine  deposit  almost  devoid  of  grit  and  wholly  free  from  gravel. 
Kear  the  Missouri  and  Mississippi  Rivers  this  is  of  great  extent,  some- 
times being  as  deep  as  100  feet,  and  being  of  such  texture  that  wells 
dug  in  it  to  that  distance  will  stand  for  years  without  curbing.  There 
seems  to  be  no  signs  of  stratification  in  this  deposit^  and  its  origin  is  a 
qnestfon  hotly  disputed,  some  writers,  like  Bichtofen,  Clarence  King, 
and  Pami>elly  xnaintaiuing  that  it  is  the  accumulation  of  dust  which  in 
the  course  of  ages  has  been  brought  along  by  the  wind. 

Bat  the  more  general  opinion  is  that,  it  is  a  water  deposit^  tlvcsw.^ 
upon  that  theory  the  absence  of  stratification  and  oi  W\^T^m<dAw^  ^'i  ^^ 
Msh  J8  difScult  to  explain.    In  southwestern  \G^2k  Ytoi.  5  .l^.'^^o^^^* 
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me  to  a  fresb  sectioD  Gfteenttrtiironty  miles  back  from  the  Missouri  Kiver 
aiid several  hundred /QetdboVeitttrlierenblaiiketof  loess aboattwent;  I 
fuet  iu  thickness  r«»te<l'uuconforuiab1y  on  irregaliu'  deposita  of  till,  while 
near  tli«  jiu>ctioii  of  the  loess  and  the  till  a  stratum,  afoot  or  more  in 
thicku^saVii^ufcaiued  mauy  fragmeuta  of  carbonized  or  half-decajnd 
wood.  .  . 

'.'.'■J^  my  r<M;eut  iuvestigations  I  bave  kept  io  mind  these  problems 
cbbcerniog  loeas,  but  1  can  not  say  that  very  much  light  is  shed  upon 
them  by  my  observations.  Their  whole  relation  to  the  glacial  depoatU 
throughoat  the  i-egion  I  have  more  particularly  investigated  is  hiino 
very  perplexing. 

In  the  flrHt  plact>,  there  seems  to  be  no  material  difierenoe  between 
the  loess  covering  the  hills  in  Perry  County,  Missouri,  entirely  oubdila 
the  glaciated  region,  and  that  superimposed  upon  the  glacial  depoaila  uf 
Randolph  and  Jackson  Counties,  upon  the  opposite  side  of  the  rirur, 
Id  Illinois.  The  deposits  upon  the  high  lands  of  Perry  Connty  wonlil 
be  ordinarily  and  reasonably  reckoned  residuary  clays,  resultiug  froni 
the  decomi>08ition  of  the  limestone  rocks  upon  which  the  depogit  resU. 
Yet  a  chemical  analysis  fails  to  reveal  any  essential  difference  between 
the  deposit  in  that  place  and  that  which  rests  upon  the  surfice 
everywhere  in  southern  Illinois.  A  partial  analysis  of  two  specimM* 
taken  from  u  cut  near  Perryville,  Perry  Connty,  Misaonri,  10  mOes  buck 
from  the  river,  and  about  three  hundred  feet  above  it,  where  the  loeiu 
ia  about  ten  feet  deep,  gives  the  following  resolts: 

Pint  epocimcD,  2  foel  below  tbe  rarEoee:  Far  out 


CaO 16* 

MgO 384 

8ecoad  specioieD,  &  feet  below  the  anrfaoe : 

COj (WJ 

C»0 237 

MgO aoi 

The  next  three  specimens  are  taken  fi-om  a  cut  in  Randolph  Ooanty, 
Illinois,  several  miles  east  of  Chester.  Thocut  is  about  twenty-flvefeet 
deep,  and  for  the  first  10  feet  is  without  ranch  grit  and  perfectly  ftee  from 
gravel ;  but  gradually  it  merges  into  a  deposit  having  every  characwr 
istio  of  true  till.  Three  specimens  of  soil  were  taken  from  this  cnt, 
of  which  the  first  was  near  the  surface,  the  second  10  feet  lower,  ftoii 
the  third  23  feet  lower  still.  The  following  are  the  determinatiow  of 
the  same  elements  sought  for  in  the  preceiling  specimens  from  Uissoon  '■ 
First  Hpecimen,  uuar  tbo  anrboe ;  Pn  uat 


CoO... 
MkO- 


'  Thea*>  dctemiiDatiouH  woru  made  by  Mr.  W.  C.  MetoalT,  wlio  acaompuied  n*  ^    i 
tiaaptitliou  of  the  field. 
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Second  speoimen,  10  feet  below  the  surface  : 

COa 101 

CaO 207 

MgO 128 

Third  Bpeoiroen,  23  feet  below  the  surface : 

COa ' 149 

CaO 347 

MgO 192 

The  auiformity  of  composition  in  these  specimens  is  certainly  remark- 
able, as  is  the  small  amount  of  carbonic  dioxide  in  each,  being  in  no 
ease  as  much  as  one-quarter  of  1  per  cent.  In  several  specimens, 
however,  fh>m  other  places  in  southern  Illinois  a  marked  increase  in 
carbonic  dioxide  was  found  in  the  lower  portions  of  the  deposits.  For 
example,  near  Phillipstown,  White  County,  a  specimen  from  the  fine 
soil  near  the  surface  shows  but  0.039  per  cent,  while  that  from  the  till 
underneath  gives  5.792  per  cent  of  GO3.  In  another  cut  in  the  same 
town  the  specimen  fix>m  three  feet  below  the  surface  yields  no  OO3, 
while  that  from  10  feet  yielded  7.029  per  cent  A  gain  in  Heralds  Prairie 
township,  in  the  same  county,  a  specimen  from  three  feet  below  the  sur- 
face, which  is  entirely  firee  from  gravel,  yields  0.018  per  cent  of  OO2, 
while  one  four  feet  lower  in  what  is  noted  as  true  till  yields  6.007  per  cent 
of  OO9.  Again,  in  a  cut  three  miles  south  of  New  Harmony,  Posey 
Ck>anty,  Indiana,  near  the  extreme  limit  of  glaciation,  the  upper  speci- 
men, from  two  feet  below  the  surface,  yields  0.229  per  cent,  while  that 
from  10  feet  lower  yields  6.032  per  cent  of  CO2. 

The  absence  of  any  sharp  line  of  demarkation  between  the  loess  and 
the  till  has  also  been  both  unexpected  and  puzzling.  In  oft-repeated  in- 
stances the  upper  portion  of  a  cut  revealed  several  feet  of  loess  entirely 
free  from  gravel,  while,  a  few  feet  below,  the  till  was  unmistakable  in  its 
character  and  for  two  or  three  feet  between,  the  character  of  the  material 
was  intermediate  between  that  of  loess  and  till.  This  occurred  so  often 
in  both  southern  Illinois  and  Indiana  that  it  may  be  set  down  as  the 
prevailing  characteristic.  Over  the  southeastern  part  of  Indiana  there 
is  a  marked  diminution  in  the  amount  of  this  superficial  covering  of 
loess.  Still,  it  is  nearly  everywhere  present.  Over  these  counties  there 
are  extensive  portions  of  the  country  occupying  the  summit  of  land, 
which  is  so  level  that  drainage  is  extremely  difficult.  A  few  feet  at  the 
bottom  appears  to  be  compact  till  with  granitic  pebbles  and  scratched 
stones,  while  the  surface  and  a  few  feet  below  is  a  ligh^colored  loess. 

Going  still  farther  east,  to  Ohio,  the  phenomena  are  quite  similar  to 
those  in  the  southeastern  counties  of  Indiana  (see  above,  p.  65  et  seq.)- 

In  Jackson  Oounty,  Indiana,  and  farther  west,  near  the  sandstone 
knobs,  the  superficial  deposit  corresponding  to  the  loess  is  a  very  fine 
sand,  peculiarly  favorable  for  the  growing  of  melons.  This  would 
seem,  evidently  enough,  to  be  a  wind  deposit.  There  is  nothing  corre- 
aponding  to  the  loess  in  northern  Ohio,  so  far  as  I  know. 

Oonsiderio^  the  loess  merely  by  itself,  so  far  a)&  \V.\\?^  cwvxi^  xvv^^^t  \k^ 
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observation,  it  wouKI  swui  k>  be  largely  a  residcai'y  cliiy,  ami 
nioHt  readily  liu  accutititod  for  by  snpposiug  a  (leprusaioa  in  tlie  Misato- 
aippi  Valley  of  several  hnndred  feet  after  the  coiitiaentAl  glacier  htA 
atUiincd  ita  extreme  limit,  and  tlicn  retreated  to  abont  tbe  line  marked 
by  President  Chauiberlin  as  the  limit  of  tlio  ice  during  tbe  second  gb- 
cial  epocli.  Sacli  au  interglacial  Bea  would  Iiave  hud  poured  into  it 
the  liner  material  vraabed  down  from  the  more  northern  regions,  whiek,. 
would  8cttleuuconformably  upon  the  older  glacial  deposits  below.  But' 
tbe  complete  application  ot  this  theory  of  depression  would  involveM'' 
great  changes  ill  the  more  western  and  northern  portions  of  the  Misaitt 
aippi  Valley  that  it  is  doubtful  to  my  uilud  whether  it  is  tenable.  Uosf 
of  tbe  phenomena  of  the  loess  may  be  accounted  for,  pcrbai>8,  by  men 
local  causes.  Temporary  lakes  may  hare  been  formed  by  slight  onh; 
graphic  changes  in  diQ'erent  places.  Over  some  of  the  extensive  pril 
rjes  of  southern  Illinois  tbe  direct  wasb  from  the  melting  ice  to  ttl 
north  may  have  spread  a  film  of  fine  material  over  the  wbole  region  ID 
tbe  aoutb.  Again,  tbe  winds  may  have  bad  a  considerable  share  in 
transporting  this  fine  material  before  vegetation  had  advanced  ia  oovtt 
the  region  from  which  the  ice  bad  recently  retreated. 

Professor  Orton,  anticipating  Darwin's  book  on  worms,  many  yeatt 
ago  suggested,  in  reference  to  the  <leposits  in  Digbland,  Brown,  aoi 
Clermont  Counties,  Ohio,  that  tbe  fine  material  had  beeu  brought  to  tlH 
surface  through  the  agency  of  worms  and  other  burrowing  aniindl 
President  Chamberlin  had  also  suggested  this  explanation  tor  portiral 
of  the  field.  Such  an  explanation  would  seem  the  more  reasonable  over 
the  regions  mentioned  in  Ohio  and  soatbeastem  Indiana,  becanaattf 
the  comparative  thinness  of  the  deposit.  The  indefiniteness  of  the  line 
of  demarkation  between  the  loess  and  the  tilt  over  so  wide  a  portioa  of 
the  region  would  also  favor  tbe  same  view,  except  that  freqaently  Uw 
depth  of  tbe  loess  is  so  great  as  to  render  such  agencies  inaoffloint 
Still,  perhaps  the  wind  may  in  many  instances  have  increased  tbedeptb. 

GOLD  NEAR  THE  GLACIAL  MARGIN. 

A  few  Tcrda  should  be  said  respectingthe frequent discoveiy  of  goM 
near  tbe  glacial  margin,  since  it  is  so  often  the  cause  of  serions  delusion. 
The  whole  region  covered  by  my  special  investigations  and  lying  vestof 
tbe  Bine  Bidge  in  Pennsylvania,  is  covered  with  stratified  deposits  of  Qie 
Upper  Silurian,  Devonian,  and  Carboniferous  ages.  So  little  disturbed 
are  tbey  that  it  would  be  hopeless  to  look  for  gold  in  tbem.  Tbe  natnnl 
explanation,  then,  of  finding  gold  anywhere  in  this  region  vroald  be  tbii 
ft  was  a  part  of  the  glacial  transportation  tronx  the  granitic  region  to 
the  north.  I  soon  learned  fi«m  experience  that  tbe  gold  diggings  were 
sure  to  be  located  near  the  glacial  margin,  where  it  might  be  sQppoMd 
that  the  till  had  been  most  weathered  and  washed,  and  whldi  had, 
presamaWy,  been  skimmed  ftom  the  disintegrated  snrfoce  of  tbe  north- 
ern rocks  on  the  first  advance  ot  tYie  gVacxOT  ovei  ftveoi.  \&.'&^VKte 
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gold  has  been  found  frequently  in  quantities  to  repay  a  moderate  ex- 
penditure in  washing  the  gravel,  but  never  in  large  quantities.  I  found 
Boeh  deposits  in  Brown  (Tounty,  Indiana  (and  indeed  in  all  the  southeast- 
ern counties  of  Indiana),  in  Brown,  Olermont,  Licking,  and  Knox  Ooun- 
ties,  Ohio,  and  in  Lycoming  County,  Pennsylvania.  In  all  cases  these 
deposits  are  within  the  glacial  boundary,  and  are  near  the  glaciated 
margin. 

Theirregnlar  and  serrate  character  of  the  southern  boundary  of  the  gla- 
ciated region,  along  which  these  gold  deposits  are  found,  led  Dr.  Sutton^ 
to  speculate  from  false  data  as  to  the  particular  source  of  the  gold.  The 
rotations  of  the  gold  deposits  in  Dearborn,  Jennings,  and  Scott  Oounties, 
Indiana,  to  those  in  the  northern  part  of  Brown  County,  in  the  same  State, 
are  wholly  accidental,  arising  from  the  irregularities  in  the  glacial  bound- 
ary. But,  belbre  that  fiEMst  was  discovered,  it  was  natural  to  think  them 
Bigniflcant.  Consequently  an  attempt  was  made  by  Dr.  Sutton  to  locate 
the  original  gold  accumulations  to  the  far  north  by  projecting  the  lines 
which  were  determined  by  the  points  in  the  southeastern  oounties  and 
those  in  Brown  County.  I  was  more  successful  soon  afterwards,  when 
I  had  come  to  see  the  significance  of  the  gold,  in  inferring  fh)m  the  re- 
ports of  diggings  what  was  the  vicinity  of  the  glacial  margin  in  the 
localities  named. 

INTERGLACIAL  MAN  IN  OHIO. 

At  the  meeting  of  the  Boston  Society'  of  Natural  History  for  November 
4, 18S5,  Prof.  F.  W.  Putnam  showed  an  implement  chipped  from  a  i>eb- 
ble  of  black  flint,  found  by  Dr.  C.  L.  Metz  in  gravel  8  feet  below  the  sur- 
fiuse,  in  Madisonville,  Ohio.  This  rude  implement  is  about  the  same  size 
and  shape  of  one,  made  of  the  same  material,  found  by  Pr.  C.  C.  Abbott 
in  the  Trenton,  New  Jersey,  gravel,  and  is  of  special  interest  as  the 
first  one  known  to  have  been  found  in  the  glacial  gravels  of  Ohio.  The 
announcement  of  this  discovery,  coupled  with  a  letter  fh)m  Dr.  Metz, 
saying  that  he  had  since  found  another  such  implement  at  Loveland, 
led  me  to  visit  the  localities  to  see  their  relation  to  the  glacial  deposits 
of  the  region.    The  following  are  the  results : 

Madisonville  is  situated  11  miles  northeast  of  Cincinnati,  in  the  de- 
pression of  a  preglacial  valley  connecting  the  Little  Miami  Biver  with 
Hill  Creeki  about  5  miles  back  from  the  Ohio.  The  Little  Miami  joins  the 
Uhio  soqie  miles  above  Cincinnati,  while  Mill  Creek  joins  it'just  below 
the  city.  The  general  height  of  the  hills  in  that  vicinity  above  the 
river  is  from  400  to  500  feet.  But  the  hills  just  north  of  Cincinnati  are 
separated  from  the  general  elevation  further  back  by  the  depression 
referred  to,  in  which  Madisonville  is  situated. 

The  depression  is  from  one  to  two  miles  wide  and  about  five  miles  long 
from  one  stream  to  the  other,  and  is  occupied  by  a  deposit  of  gravel, 

^  See  abstract  of  paper  on  the  gold-bearing  drift  of  Iiid\»ii8^'?tiM.  Km.  Ksbok^.  K^  « 
Sei.,  DOtb  (CinoiDOBti)  meeting,  1881,  p.  177. 
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aand,  aotl  loam,  <4early  eDougli  belongiug  to  tLo  glucial-terrace  epoch. 
The  BurfiMMn  of  this  is  generally  level,  and  is  aboat  two  bandred  feet 
above  the  low-water  mark  in  the  Ohio.  On  the  east  side,  towards  the 
Ijittlt^  Miami  Bivec,  at  Red  Bank,  the  gravel  is  rather  coarse,  contaio- 
ing  pebbles,  ranging  from  one  to  tbrco  or  four  inches,  iuterstratified 
with  saud,  and  underlaid  near  the  river  level  with  line  clay.  There  is 
here  a  thin  covering  of  loesn,  or  fine  loam.  Un  going  westward  th\» 
loess  deposit  increases  in  thickness,  being  at  Madisonville,  one  mile  wm, 
aboat  eight  feet  thick.  Farther  west  it  is  mncb  deeper,  and  seems  to 
take  the  plaoe  of  the  gravel  entirely.  At  several  railroad  cQttiD|!S, 
"till,"  with  scratched  stones,  appears  underneath  alL 

Thus  it  appears  that  this  cross-valley  connecting  Mill  Creek  wiU( 
the  Little  Miami  back  of  Avoodate,  Walnat  HUls,  and  the  Observatorj' 
was  ouce  much  deeper  than  now,  aud  bits  been  hlled  with  the  deposili* 
made  when  immense  glacial  floods  were  pouring  down  these  tw 
streams  from  the  north.  The  Little  Miami  was  a  very  important  IIdi^ 
of  glacial  drainage,  as  is  shown  by  the  extensive  gravel  t^irraces  all 


Pio,  10.— Map  uf  Hwuiltoa  Couuty 


il  l«mice  in  wUch  paleallth 


along  it«  course.    The  railroads  resort  to  these  terraces  for  ballast  fron^^ 
long  distances.    The  coarser  material  was  naturally  deposited  near  th^^ 
direct  line  of  drainage,  where  the  cnn-eiit  was  strong.    Katarally  alst^ 
back  from  the  river  towards  Aladisonville  there  is  an  increase  of  th^ 
fine  dei>osit,  or  loess,  which   is  particularly  a  still-water  formation. 
Thei'e  can  thus  ^e  no  doubt  as  to  the  true  glacial  character  of  the 
formation. 

As  to  the  implement,  it  is  prttserved  iu  the  Arclije^logical  Mnseam  in 
Cambridge,  Massachusetts,  where  any  one  can  examine  it  and  compare 
it  with  similar  ones  from  otlier  parts  of  the  world,  and  is  of  the  tme 
Daleolithic  type-     It  is  not  smoothed,  but  simply  a  rudely  chipped, 
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pointed  weapon,  about  three  inches  long.  Dr.  Metz  found  it  in  1885, 
while  digging  a  cistern.  In  making  the  excavation  for  this  he  penetrated 
the  loess  eight  feet  before  reaching  the  gravel,  and  there,  near  the  sur- 
£ek»  of  the  gravel,  this  implement  was  found.  There  was  no  chance  for 
it  to  have  been  covered  by  a  slide,  for  the  plain  is  extensive  and  level 
topped,  and  there  had  evidently  been  no  previous  disturbance  of  the 
graveL 

Subsequently,  in  the  spring  of  1887,  Dr.  Metz  found  another  paleolith 
in  an  excavation  in  a  similar  deposit  near  Loveland,  Ohio.    Loveland  is 
also  on  the  Little  Miami  Biver,  about  twenty  miles  above  Madisonville. 
The  river  makes  something  of  an  elbow  at  this  point,  opening  to  the 
west.    This  space  is  occupied  by  a  gravel  terrace  about  fifty  feet  above 
the  stream.    The  terrace  is  composed  in  places  of  very  coarse  material, 
resembling  very  much  that  of  Trenton,  "Sew  Jersey,  where  Dr.  Abbott 
lias  foand  similar  implements.    The  excavation  is  about  one-quarter  of 
a  mile  west  of  the  river,  near  the  residence  of  Judge  Johnson.    The 
section  shows  much  coarser  material  near  the  surface  than  at  the  bot- 
tom.   The  material  is  largely  of  the  limestones  of  the  region,  with 
perhaps  ten  per  cent,  of  granitic  pebbles.    The  limestone  pebbles  are 
partially  rounded,  but  are  largely  oblong,  some  of  them  being  firom 
one  to  three  feet  in  length.    These  abound  for  the'  upper  20  feet  of  the 
section  on  the  east  side  towards  the  river.    One  granitic  bowlder  was 
about  two  feet  in  diameter.    On  the  west  side  of  the  cut,  away  from 
the  river,  mastodon  bones  were  found,  not  long  before,  in  a  deposit  of 
sand  underlying  the  coarser  gravel  and  pebbles.     It  was  here,  about 
thirty  feet  below  the  surface,  that  Dr.  Metz  found  the  paleolithic  im- 
plement in  question,  which  is  an  oblong  stone  about  six  inches  long, 
four  and  one-half  inches  wide,  chipped  all  around  to  an  edge,  and  is,  in 
the  opinion  of  Dr.  Metz  and  of  Prof.  H.  W.  Haynes,  of  Boston  (a  most 
competent  judge),  unquestionably  of  human  manufacture.    This,  like 
the  preceding  implement,  can  be  seen  in  company  with  Dr.  Abbott's 
collection  from  Trenton,  New  Jersey,  at  Cambridge,  Massachusetts. 

Another  similar  discovery  was  made  in  1886  at  Medora,  Jackson 
County,  Indiana,  by  Mr.  Hilbome  T.  Cresson,  an  experienced  arch^olo- 
gist,  of  Philadelphia.  Medora  is  upon  the  east  fork  of  White  Eiver, 
near  where  it  emerges  from  the  glaciated  region  to  enter  the  triangular 
unglaciated  portion  of  southern  Indiana,  as  shown  upon  our  map.  Ac- 
cording to  Mr.  Gresson,  a  well-wrought  paleolithic  flint  implement  was 
found  by  him  at  this  point  in  undisturbed  gravel  11  feet  below  the 
surface,  and  about  fifty  feet  above  the  flood-plain  of  the  river,  and  in 
position  such  as  to  exclude  its  introduction,  except  in  connection  with 
the  original  deposit  of  the  material.  This  implement  is  also  in  the 
Peabody  Museum,  Cambridge,  Massachusetts.^ 

A  fourth  discovery  was  made  on  the  27th  of  October,  1889,  by  Mr. 
W.  O.  Mills,  at  New  Oomerstown,  Tuscarawas  County,  Ohio.    This  is  a 

*  See  prcxteedings  of  the  Boston  Society  of  Natural  History,  vol.  24,  p.  l&O  et  seq. 
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fine  si)ecimcii  of  the  true  paleolithic  type  four  inches  long,  two  inches 
wide,  and  an  inch  and  a  half  in  thickness,  tapering  to  a  ix>iuty  and  ia 
every  respect  of  true  paleolithic  type,  such  as  has  characterised  the 
discoveries  in  northern  France  and  southern  England.  The  material 
is  a  black  flint,  such  as  occurs  in  nodules  in  the  ^'  Lower  Meroer  lime- 
stone" of  the  near  vicinity.  The  implement  has  the  waxy,  glossy  ap- 
pearance which  indicates  considerable  age,  and  was  found  by  Mr.  Jlilla 
in  a  gravel-pit  from  which  the  railroad  has,  for  a  long  time,  been  at 
work  obtaining  ballast.  Upon  receiving  information  of  this  disooveiy, 
I  visited  the  locality,  and  found,  as  I  had  surmised  from  Mr.  Mill's  de- 
scription, that  the  gravel-pit  at  New  Oomerstown  belongs  to  the  gladal 
terrace  of  the  Tuscarawas  Kiver  Valley  which  I  have  described  in  the 
body  of  my  report.  The  trough  of  the  river  is  here  aboot  a  mile  in 
width,  and  the  summit  of  this  terrace  35  feet  above  the  flood-ptain. 
Mr.  Mills  found  the  implement  in  undisturbed  strata  of  this  tenaee, 
15  feet  below  its  surface. 

By  those  familiar  with  the  subject  these  paleoliths  will  at  once  be 
recognized  as  among  the  most  imi)ortant  archaeological  discoveries  yet 
made  in  America,  ranking  on  a  par  with  those  of  Dr.  Abbott,  of  Trm- 
ton,  New  Jersey.  They  show  that  in  the  Mississippi  Valley,  as  well  as 
on  the  Atlantic  coast,  man  wiis  an  inhabitant  before  the  dose  of  the 
glacial  period. 

GENERAL  CONCLUSIONS. 

On  surveying  the  whole  field  of  my  investigations  and  limiting  my 
conclusions  mainly  to  what  the  facts  there  found  would  make  necessary, 
the  following  would  seem  to  have  been  tlie  course  of  events : 

From  some  center  north  of  the  great  lakes  snows  accumulated  until 
an  ice  flow  to  tlie  south  became  necessary  to  disi)ose  of  the  excess  of  the 
snow-fall  over  the  annual  melting  T)ower  of  the  sun.  This  snow-fall  was 
great(»r  at  some  i)oints  than  at  others,  so  that  there  were  8ei)arate  sub- 
centers  for  the  outllow  of  the  glacial  ice.  Thns,  in  ])art,  is  to  be  explaiued 
the  serrate  character  of  the  southern  margin  of  the  glaciated  region, 
the  ice  projecting  farthest  opposite  the  larger  accumulation  of  snow.  The 
lower  level  of  the  larger  valleys  had  also  some  elfect  ujion  the  distance 
of  the  southern  How.  There  would  seem  to  be  no  conclusive  evidence 
that  isothermal  lines  had  anyhingto  do  in  determining  the  irregnliirity 
of  the  southern  margin.     But  they  may  have  had  some  influence. 

The  ice  as  it  moved  onwards  ])ushed  on  l)efore  it  and  incoriwrateil 
into  it  much  mat-erial  that  had  been  disintegrated  by  previous  subaerial 
agencies,  and  also  (executed  a  large,  amount  of  mechanical  erosion  by 
its  own  force.  This  is  evident  both  from  the  extensive  fields  still 
retaining  the  glacial  grooves  and  scratches,  an<l  by  the  demonstratal 
mechanical  character  of  nuicli  of  the  till.  It  is  probable  that  thede- 
j)osits  near  the  margin  are,  more  largely  than  those  farther  back,  tbe 
product  of  jireglaeial  dis'iutevcwxVunv.     'Y\\\^  \nw\\vV  vv^v.<5>w\vt  for  tbeir 
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rally  being  more  completely  oxidized,  and  their  consequent  higher 
'•    ISie  rate  of  the  advance  of  the  glacier  probably  can  not  be  di- 
y  determined  by  any  facts  accessible  in  this  field. 
mng  advanced  to  its  extreme  sonthern  limit,  and  the  climate  be- 
ng  ameliorated,  the  ice  began  slowly  and  irregularly  to  recede, 
ikmally  readvandng  to  cover  again  ground  from  which  it  had 
KNTBiily  withdrawn.    In  some  instances,  as  where  the  buried  forests 
onndy  some  scores  or  hundreds  of  years  may  have  intervened  be- 
n  fbe  retrocession  and  the  advance  over  limited  areas. 
le  formation  of  a  terminal  moraine  at  any  point  would  depend  upon 
or  three  fiftctors:  First,  upon  how  long  the  ice  front  remained  sta- 
iry  at  a  given  point.    Other  things  being  equal,  the  longer  the  ice 
t  remained  at  a  point  the  greater  would  be  the  accumulation  there, 
some  reason,  the  ice  front  would  seem  to  have  been  longer  station- 
doDg  the  southern  coast  of  New  England  than  at  marginal  points 
ler  west,  perhaps  because  the  waters  of  the  ocean  there  met  it  and 
ented  it  from  attaining  its  natural  southern  limit.    In  the  interior 
mid  seem  that  the  ice  retreated  rather  steadily  over  most  of  the 
e  occupied,  so  that  the  material  which  otherwise  would  have  been 
led  op  in  front  as  a  terminal  moraine  is  more  uniformly  spread 
*  a  wide  margin,  making  up  in  breadth  what  it  lacks  in  height, 
oring  the  time  that  the  ice  extended  into  Kentucky  an  ice  dam  was 
^ably  formed  about  650  feet  in  height  (that  being  the  height  of  the 
ier  to  the  south),  sufficient  to  set  the  water  300  feet  over  Pittsburgh. 
I  long,  crooked,  narrow,  slack- water  lake  is.  supposed  to  have  con- 
ed long  enough  for  considerable  material  to  accumulate  at  various 
its  above,  where  tributary  streams,  laden  with  sediment,  joined  the 
1  body  of  water.    The  length  of  the  continuance  of  this  condition  of 
gs  need  not  have  been  many  hundred  years. 
be  overlying  loess  in  southern  Illinois  and  Indiana,  and  the  analo- 
3  formations  over  some  of  the  counties  of  Ohio  perhaps  make  it  nee- 
ry  to  suppose  a  depression  of  that  region  soon  after  the  banning 
le  retreat  of  the  ice  from  its  extreme  southern  limit.  This  depression 
r  also  have  extended  to  the  Alleghanies,  and  so  have  had  something 
0  in  producing  some  of  the  effects  attributed  to  the  ice  obstruction  at 
sinnatL 

i  the  more  northern  region,  near  the  lakes,  there  are  regions  of  strati- 
sand  and  gravel  superimposed  upon  the  till  to  a  height  of  about 
feet  above  Lake  Erie,  and  at  several  lower  levels  towards  the  lake, 
se  are  evidently  water  deposits,  and  most  likely  bars  formed  a  little 
lide  the  shore  when  the  water  stood  at  that  height.  The  material 
ihese  ridges  is  largely  local.  From  the  extent  of  these  ridges  and 
character  of  the  surrounding  country  it  would  seem  that  the  water 
not  remain  long  at  the  several  levels  indicated  by  these  deposits, 
re  are  no  animal  remains  in  the  lake  ridges,  but  wood  \&  o^f^xil^'OLn^ 
erneath,  and  especially  to  the  south  of  tYiem  ou  \!tx^  ^\3l.^  v^^  ^:^\fi^ 
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the  lake.  The  theory  hae  been  suggested,  anil  seems  {^together  probt- 
ble,  tii»t  the  barrier  holding  this  body  of  water  at  such  a  high  level 
was  the  uumelted  ice  of  tbe  glacier,  which  uaturally  remained  longeat 
to  the  north  and  east,  across  the  valleys  of  the  Mohawk  and  St.  Lav- 
rence. 

Upon  the  question  of  tbe  time  which  has  elapsed  since  the  withdrawal 
of  the  ice  it  is  as  yet  too  early  to  expre^  any  coufideut  opinioii.  So 
far  as  the  facts  go,  however,  they  point  to  a  moderate  estimate.  The 
freshness  of  the  woo<i  that  ia  found  beueath  the  deimsita  of  till,  the 
3iU(Ul  amount  of  erosion,  both  in  tbe  river  valleys  and  in  the  gorgex 
below  the  numerous  waterfalls,  together  with  the  small  extent  to  whicb 
the  till  has  in  general  been  oxidized,  all  would  indicat«  a  brief  period 
of  post-glacial  time  when  compared  with  the  enoruious  lapse  of  tiino 
during  which  the  Ohio  was  wearing  its  long  trough  from  a  little  above 
tbe  Mississippi  to  the  headwaters  of  the  AllegUany  and  the  Monon- 
gabela. 

Through  all  this  distauce  of  not  less  than  1,200  miles  the  stream  has 
worn  a  channel  about  a  mile  in  width  and  several  hundred  feet  iu  depth. 
The  prosecution  of  tuvestigatioos  concerning  post'glacial  chronology 
will  be  of  great  historic  interest  if,  its  would  appear  from  the  discoveries 
Df  Dr.  Abbott  at  Trenton,  N.  J.,  and  thoae  of  Br.  Metz  at  MadisonvilW 
and  Loveland,  Ohio,  Mr.  Grceson  at  Mentone,  Ind.,  and  Mr.  Mills  at  New 
Domerstown,  Ohio,  man  was  on  the  continent  before  the  glacial  ice  bad- 
withdrawn  ftom  the  headwaters  of  tbe  Delaware  and  Little  Miami 
rivers.  The  facts  brought  to  light  in  the  present  report  will  greatiy  aid 
in  such  calculations.  Tbe  subject  merits  more  careful  study  than  has 
heretofore  been  devoted  to  it. 
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THE  GABBROS  AND  ASSOCIATED  ROCKS  IN  DELAWARE. 


By  Fbedebigk  D.  Chester. 


INTRODUCTION. 

The  following  investigation  upon  the  gabbros  and  their  associated 
rocks  in  Delaware  has  occapied  my  attention  for  over  two  years  past, 
and  has  been  treated  thus  in  detail,  first,  because  the  massive  gabbro 
is  the  most  prominent  formation  in  the  northern  part  of  the  State;  and 
second,  because  a  thorough  study  of  it  embraces  some  interesting  ques- 
tions in  petrography  and  their  bearing  upon  structural  phenomena  of 
^reat  magnitude. 

In  the  order  of  treatment  the  petrography  has  preceded  the  discus- 
sion of  structural  phenomena,  for  the  reason  that  many  of  the  prob- 
lems under  the  latter  head  must  depend  for  their  solution  upon  pet- 
rographical  facts.  In  view  of  the  magnitude  and  importance  of  the 
material  under  investigation,  reflection  upon  the  nature  of  the  results 
herein  set  forth  compels  the  confession  of  a  certain  timidity  of  state- 
ment in  this  paper.  The  evidence  at  hand  has  been  carefully  weighed 
and  opinions  have  been  recast,  until  the  results  embodied  finally  pos- 
sess at  least  the  virtue  of  having  been  patiently  evolved. 

It  would  be  unjust  to  prior  authorship  not  to  take  note  of  the  admi- 
I'able  and  exhaustive  memoir  of  Dr.  6.  H.  Williams^  upon  the  Balti- 
more gabbros.  So  great  is  the  similarity  between  these  rocks  and  those 
of  Delaware  that  our  present  descriptions  must  in  some  cases  involve 
a  repetition  of  the  work  of  Dr.  Williams.  In  another  sense,  however, 
the  gabbros  of  Delaware  merge  into  types  so  entirely  distinct  and 
exhibit  phases  of  paramorphic  change  so  novel,  as  to  render  the  pres- 
ent results,  perhaps,  of  some  additional  interest. 

My  thanks  are  especially  due  to  Dr.  Williams  for  much  encourage- 
ment and  assistance,  and  also  to  Prof.  E.  D.  Irving  and  to  Mr.  Whitman 
Cross  for  the  examination  of  thin  sections  involving  difficult  points. 

'  The  Gabbros  and  Associated  HorDblende  Rocks  iu  the  Neighborhood  of  Baltimore. 
BaU.  U.  8.  Geol.  Survey,  No.  2d.    1886. 

'I 
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QENGRAL  PETROREAPHICAL  GONSIDEBATIONS. 

The  petrography  of  tbe  Delaware  traps  is  based  upon  an  examination 
of  nuiucTOus  tbiii  socUous  from  all  parts  of  a  relatively  smalt  area,  the 
form  and  extent  of  which  arc  seen  from  the  accompanying  map,  Tbeae 
sections  show  tbe  different  variations  in  our  Delaware  rocks,  together 
with  tbe  various  stages  of  paramorpbic  change  trom  pyroxene  Vt. 
aniphibolc,  so  fully  as  to  rentier  mlditional  material  of  no  eeaentul 
momeut  in  establisbing  tbe  conctnsions  adduced. 

The  Delaware  traps,  exclusive  of  tbe  younger  ortboclastic  graDiteH) 
may  be  designated  by  two  terms,  gahbros  and  gabbrodiorttea.*  Thaw 
terms,  however,  bare  only  the  most  geueral  applicatiou,  while  a  closer 
study  reveals  a  variety  of  petrographical  forms,  not  so  much  distinct  In 
tbeiDselves  as  expressions  of  a  wide  variation  from  some  arbitrary  fom 
which  we  call  primary.  This  primary  form  is  moreclearly  the  comD»m 
bypersthene-gabbro,  or  thcso-calted  blue  granite  of  the  Delaware  <)uar 
ries.  It  is  normally  a  finely  granular  mistme  of  basic  plagioclase, 
bypersthene  and  diallage  in  nearly  equal  proportions,  with  accessory 
quariz,  magnetite,  apatite,  hornblende,  and  biotite. 

Befereuee  to  the  following  analytical  table  will  make  clear  the  linei 
of  variatiou  proceeding  from  this  primary  hyperstbeue-gabbru: 


i 


BjBdditiDnorbiot. 


Blghl)'  fcl<l«pitblc  I 


i  BORKI 


In  considering  tbe  Delaware  gabbros  as  a  whole  we  might  say  Ui>t 
their  chief  distinguishing  feature  is  their  highly  acidic  character,  do* 
to  the  large  admixture  of  quartz.  This  is  at  once  evident  to  the  nxxt 
casaal  observer,  who  not  only  sees  quartz  as  a  prominent  coDatitoeDt 

'  This  very  couTenient  term  haa  been  aaed  hj  Tomebolim  and  O.  H.  WlUUnM 
Indicate  tranBitionn)  types  of  rocks  between  g»bbro  «nd  diorite,  aod^to  ftllmlilit 
dlorJtee  of  like  origin. 
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y  hand  speeimen,  bat  who  observes  in  the  faces  of  the  rock  in 
eat  seams  and  segregated  masses  of  the  same.  It  has  been  no- 
hat  the  reck  which  in  a  general  sense  we  would  regard  as  a  nor- 
Fpersthene-gabbro  is  a  most  unstable  form,  running  on  the  one 
Dto  a  rook  possessing  strongly  the  character  of  a  granite,  and  on 
ler  into  those  distinctly  dioritic.  Quartz,  which  is  found  in  such 
unoants  in  the  fine-grained  gabbros  northeast  of  Wilmington,  is 
or  in  but  a  small  amount  in  the  normal  gabbro  of  which  a  num- 
types  have  been  found.  This  more  basic  standard,  however,  is 
ig  maintained ;  on  the  other  hand,  the  Delaware  gabbros  tend  by 
act  gradations  to  become  more  and  more  acidic  from  a  gradual 
r  qoartE. 

last  variation  of  gain  in  quartz  is  also  characterized  by  an 
f  gradual  gain  of  biotite,  until,  as  in  many  of  the  Bellevne  and 
ont  rocks,  we  have  a  type  which  is  more  properly  a  granite, 
yroxene  as  only  an  accessory  constituent, 
presence  of  a  brown  dichroic  hornblende  as  a  very  variable  con- 
it  of  the  hypersthene-gabbro  is  a  fact  of  the  greatest  interest,  since 
gradual  increase  of  this  mineral  from  a  mere  trace  to  an  amount 
mt  to  subordinate  the  pyroxene  elements  we  are  led  to  see  an 
y  gradual  transformation  to  a  black,  highly  schistose,  hornblende 
^hich,  structurally  and  macroscopically,  seems  at  first  si^t  to 
10  genetic  relationship  with  the  gray,  compact  gabbro  with  which 
isociated.  Begardiug  this  brown  hornblende  as  original,  as  I 
3  we  must  from  present  data,  we  can  attribute  this  change  from 
)ro  to  a  diorite  only  to  the  result  of  an  original  variation  in  the 
iter  of  the  erapYive  material. 

tie  change,  on  the  other  hand,  from  gabbros  to  green  hornblende 
we  have,  to  a  large  degree  at  least,  the  results  of  a  paramorphic 
d  affecting  the  pyroxene  of  the  mother  rock;  the  final  product  in 
see  being  a  perfectly  compact,  green  hornblende,  whether  this 
I  directly  from  the  alteration  of  diallage,  or,  as  when  hypersthene 
primary  substance,  from  the  intermediate  fibrous  amphibole,  as 
i)ed  by  Lehmann  and  by  Williams. 

s  we  may  affirm  that  the  whole  result  of  a  deliberate  study  of  an 
live  series  of  thin  sections  has  been  to  teach  most  emphatically 
inciple  that  apparently  diverse  types  can  in  reality  possess  an 
.te  genetic  relationship.  It  is  also  believed  that  the  sooner  this 
f  realized  the  sooner  geologists  will  be  defended  from  many  errors 
eralization  based  upon  structural  data  alone.  Nearly  every  sec- 
I  our  series  is  a  transition  stage  from  one  type  to  the  other,  and 
are  the  clearly  defined  forms,  that  no  sharp  lines  can  be  drawn 
)ng  designations  made.  Those  set  forth  in  the  accompaujring 
it  must  be  understood,  are  largely  arbitrary,  serving  simply  to 
te  certain  dominant  tendencies  in  the  line  of  variation, 
in  not  be  otherwise  than  evident  to  the  most  C8Au^o\>^<^T^^T>S&»^k 
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inatij'  of  onr  former  tlieories  respectiug  tho  metamorpbic  rocks  ore  an- 

<]vi(;oiug  raditisl  alteration  siuoe  the  microscope  bas   takeu  such  ■ 

prominent  place  iu  geological  inrestigfttiou.    Tbis  is  particularl.v  tint 

as  regards  tbat  great  class  of  scbistose,  ampbibole  rocka  vtticb,  antil 

quite  rcfteutly,  have  been  generally  rcganled  as  altered  sedimeuts. 

But  Hince  tbv  invuHtigations  of  Loseen  In  tbe  Harz,  J.  □.  KIooh  in  tbc 

'<  Slack  Forest  in  Biiden,  F.  Becko  at  Laugenlois,  Lower  Austria,  Tilme' 

:    bolim  in  Sweden,  Ijohniann  iu  Saxony,  Teall  and  Pbilli[>8  in  Englauil, 

j   Wadswortb,  Irving,  and  Willtama  in  tbia  country,  an  entirely  new  HeH 

L  h&B  been  opened,  and  geologists  am  in  a  fair  way  to  diHcriminate  be 

I  tween  crystallized  sediments  and  uietareorpboacd  ignoonn  rocks.    Thai 

i;  bigbly  foliated  scbista  in  many  cases  may  bavu  had  an  eruptive  oriEiu 

f  llRS  already  beeo  demonstrated  by  a  respectable  body  of  workers,  whili 

J   Wbat  18  more  encouraging  than  all  is  tbe  indication  of  future  develop' 

[  iDcnts  in  tliis  fertile  Held  of  researcb.    Tbe  element  of  pressore  wliicb 

,  plays  Mucb  an  important  role  in  the  development  of  slaty  cleavage  in  the 

'  Hdimeutsry  rocks  and  their  derivatives  must  in  the  future  be  teoaf 

^   Bizeil  in  accounting  for  tbe  secondary  pro«luct8  of  tbe  massive  trap«, 

|i,by  producing  great  structural  alterations,  and  posi^ibly  by  iudacing 

niolecQlar  rearraagements  and  conseiinent  paramorphic changes. 

V  HYPERSTHENE-aABBRO.' 

r  This  is  taken  as  tho  primary  and  typical  form  of  the  trappeau  seiW 
'in  color,  it  varies  from  a  dark  liluisb  gray  to  a  black;  in  texture,  AM 
one  distinctly  crystalline  to  one  quite  aphHuitic.  Macroscopically  the 
rock  appeitrs  to  be  a  tiuely  granular  mixture  of  stdated  feldspar,  blaiah 
quartz,  rounded  grains  of  black  bigbly  metallic  hyperstbene  anil  a 
small  amount  of  foliated  greenish  diallage.  Under  tbe  microscope 
the  several  mineral  coustitueuts  present  characters  which  render  tlieir 
determination  satisfactory. 

Tke  hypergthene  occurs  in  irregular  grains,  never  iu  crystals,  wbiii 
vary  in  size  from  I"""  to  7""",  tbe  majority  approaching  4"™  to  5""",  while 
others  again  arc  sprcadiug  branching  individual?,  wbicb  fill  up  tlie 
spaces  between  the  plagioclase  and  inclose  numerous  rounded  grains 
of  the  latter.  The  cleavage  is  well  developed  parallel  to  the  prismatic 
face  (so  P)  and  to  the  bracbypiiiacoid  (x  P  &J). 

The  pleochroism  of  all  sections  is  strong,  ottering  a  ready  means  ol 
distiugiiisbing  this  mineral  from  its  associated  diallage.  Sectioos  in 
which  the  double  jirismatic  cleavage  is  welt  developed,  and  wbicb,  vitii 
concentrated  polarized  light,  show  a  biaxial  iuterfereuee  cross,  sbo" 
also  strong  yellow  and  reddish  pleochroism.  Other  sections  v'tli 
powerful   greenish   and   jellow  pleochroism   were  found,  with  ffhicl" 

■  I  bave  adopted  the  term  i>}iptTiihtmc3ahhro  in  view  of  \U  dhb  by  Dr.  O.  H.  WIH' 
ianiB,  jut  it  lemaiDs  a  qiiMtioii  whetlii^r,  in  cunsiilunitioii  of  tbe  acidic  cbaraotcrvl 
Btaay  at  oar  true  hyperalbeDO-galibtiM,  tbi.>  term  iiorita  uught  not  batter  expniN  Ux 
poaitioa  trhtcli  our  rocks  bear  to  Vlioae  ii\  £.aTnVQ. 
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iudly  dear  inteiferenoe  crosses  could  be  obtained.  It  is  evident  from 
s  that .  in  these  two  cases  we  have  sections  respectively  parallel  to 
)  basid  pinacoid  (OP)  and  to  the  macropinacoid  ( oo  P  db),  and  thas 
I  rhombic  character  of  the  mineral  as  well  as  the  arrangement  of 
)  pleochroio  colors  is  well  established. 

Che  trichroism  is  as  follows :  a  copper-red ;  b  yellow ;  c  green. 
Ul  prismatic  sections  eztingaish  parallel  to  the  cleavage.  A  number 
oleavage  leaflets  detached  by  a  penknife  from  the  prismatic  face  of  a 
URser  firagment  gave  the  same  parallel  extinction ,  and  the  color  of  the 
ay,  with  a  combination  of  the  a  and  b  rays  for  light  vibrating  at  right 
;les  to  the  cleavage. 

Hie  specific  gravity  of  a  number  of  these  fragments,  which,  after  ex- 
ination  with  the  microscope,  were  found  to  be  pure,  was  determined 
means  of  the  Klein  solution  and  found  to  be  3.38.  This  high  specific 
bvity  excludes  the  possibility  that  this  mineral  is  bronzite. 
Fbe  hypersthene  seems  to  be  entirely  free  of  the  brownish,  leafy  in- 
aions,  so  characteristic  of  many  hypersthenes.  and  also  of  the  hyper- 
ene  in  the  Iron  Hill  rocks,  but  beautiful  symmetical  needles  or  rods 
anged  parallel  to  the  cleavage  lines  are  common,  associated  with 
irser,  lenticular,  black  inclusions  either  of  magnetite  or  of  titanic 
nore. 

Tkediallage  can  sometimes  be  found  in  the  coarser  hand  specimens 
a  grass-green  mineral  with  an  eminent  parting  parallel  to  the  ortho- 
lacoid  and  to  the  prismatic  face.  Under  the  microscope  thin  sec- 
DS  have  a  pale  green  color,  and  show  no  a[)parent  pleochroism,  while 
icker  cleavage  fragments  show  only  the  slightest  change  of  color  on 
solving  the  stage  over  the  polarizer. 

Host  prismatic  sections  give  high  angles  of  extinction  approaching 
\  Cleavage  leaflets  parallel  to  the  orthopinacoid  extinguish  parallel 
the  prismatic  cleavage  lines  as  would  be  expected,  and  give  with 
neentrated  polarized  light  the  characteristic  siugle  optic  axis.  The 
Bcific  gravity  of  a  number  of  microscopically  pure  fragments  of  this 
Deral  was  determined  by  means  of  the  Klein  solution.  While  the 
ullage  pieces  remained  freely  suspended  in  the  solution  a  fragipent 
green  hornblende  was  dropped  in,  which  easily  rose  to  the  surface 
i  floated.  The  specific  gravity  of  the  solution,  and  therefore  of  the 
ullage,  was  3.24.  The  diallage  contains  the  same  inclusions  as  the 
persthene,  i.  e.,  opaque  needles  and  grains  of  magnetite,  with  fre- 
ently  included  fragments  of  hornblende  and  grains  of  plagioclase. 
The  feldspar  occurs  as  granular  particles,  which  vary  in  size  from  .1*°™ 
.5°°'  in  diameter.  They  show  a  fine  polysynthetic  twinning,  and 
ite  commonly  two  systems  of  striation  approximately  at  right  angles 
each  other,  a^scording  to  the  well-known  albite  and  i)eriline  laws, 
e  feldspars  show  those  irregularities  of  twinning  characteristic  of 
ny  gabbros,  i.  e.,  lack  of  parallelism  of  the  twinning  lamellae,  irreg- 
rity  in  the  length  of  the  same,  and  their  {r^c\\ieiit»  \?^^%'^-^*i>.'^^^ 
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cbaracter,  ahowiug  under  uroased  nicols  a  beauUfnl  interlocking  of  Id- 
dividual  latnellic.  The  anglea  of  extinctioa  are  invariably  high,  indi- 
cating a  basic  feldspar.  The  examiiiatioii  of  cleavage  fragmeateoT 
tiie  feldspar  isolated  from  a  typical  gubbro  gave  angles  of  extincdoa 
answering  to  a  more  basic  labradorit«.  The  specific  gravity  of  the  same 
isolated  feldspar  was  2.689,  cotiBrming  the  optical  deter minatioa. 

The  feld8)>ar  from  a  typical  Brandywiae  gabbro  was  separated  bj 
means  of  the  Thonlet  solaiion  by  Mr.  J.  8.  Diller  in  the  petrograpbicil 
laboratory  of  the  17.  3.  Geological  Survey,  and  analyzed  by  Mr.  B.  13, 
Biggs,  with  the  following  reenlt: 

8iO,=Biliea 51.44 

Al,0,  =  alnraina 30.05 

fFt,0]  =  forri(j  oxide  (FbO  Dot  del.) 96 
C»0  =  liiiie 13.19 
MgO  =  inagiiDaia trace. 
Na,0=soda 4.07 
K,0  =  potMh »I 
Lou  on  iRniliOD 3& 

100.  «7 
Dried  at  105°  C. 

This  answers  tn  the  most  basic  member  of  tbe  labradorito  group 
and  to  a  feldspar  having  the  theoretical  composition  Ab|  AHj. 

An  examination  of  a  number  of  cleavage  fragments  extracted  from 
the  feldspars  of  many  of  the  coarser  gabbros  will  stiow  these  feldspais 
to  vary  somewhat,  which  we  could  scarcely  expect  tn  be  otherwise,  ia 
view  of  the  gre«t  variation  in  the  character  of  the  iron  bearing  si!icat» 
and  in  the  proportion  of  quartz.  This  is  illnstrated  most  forciblyin 
tlie  ciise  of  the  more  acid  biotite- bearing  gabbros,  rocks  similar  to  those 
which  elsewhere  have  been  styled  norilea.  A  typical  sample  of  &i» 
rock  was  also  treated  by  Mr.  Diller,  and  the  feldspar  separated  in  the 
usual  way  from  the  ferruginous  silicates.  An  analysis  of  the  feldspw 
gave  the  result  shown  below,  in  column  I : 

I.  IL 

8iO,  =  eilioa 70.37  64.13 

AUOa- alumina 18.36  24.76 

FboOi  =  ferric  oiido  f  FcO  not  det.) 58         

MnO=^niangaTieRe  oxide trace 

C«0  =  lime 5.06  5.44 

MgO  =  magno8i[i ,■ 04        

NfttO  =  Boda 4.32  6.68 

KjO  =  potash 63         

HsO  =  water 40         


39.83  100 

Dried  at  105"  C. 

Oolamn  II  gives  theoretical  composition  of  a  feldspar  having  thefl* 
mnla  Ab^  AUi ,  answering  to  oligoclose. 

If  in  column  I  the  .63  per  cent,  of  pota.sli  be  assumed  as  replacJn? 
some  of  the  uotia,  the  ratio  between  soda  and  lime  becomes  more  accon* 
aat  JO  i  and  II,  I    ~ 
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In  Golamn  I  the  excess  of  silica  above  that  req  aired  to  form  the  feld- 
spar molecale  is  represented  by  quartz  which  this  specimen  is  known 
to  oontain,  bat  which  coald  not  easily  be  separated  from  the  feldspar 
owing  to  the  little  difference  in  the  specific  gravity  of  the  two  minerals. 

The  small  amoant  of  iron  present  is  undoubtedly  represented  by 
inclusions  of  magnetite  dust,  which  all  the  feldspars  contain.  On  the 
sapposition  that  the  small  amoant  of  water  in  the  analysis  represents 
Hoie  kaolin,  the  amoant  of  alumina  in  the  analysis  is  thns  slightly  ab- 
Bonnal,  but  this  will  be  fhlly  counteracted  by  the  opposite  tendency  of 
Ibreign  matter  to  lower  the  alumina  percentage. 

Neglecting  these  small  amounts,  and  adding  proportionately  the  ex- 
cess of  silica  to  the  alumina,  lime  and  soda  in  column  I,  we  get  a  result 
nearly  in  accord  with  column  II. 

Ad  optical  examination  of  a  number  of  cleavage  leaflets  detached  by 
a  penknife  showed  in  all  cases  for  sections  parallel  to  0  P,  au  extinction 
10  nearly  parallel  to  the  twinning  bands  as  to  make  the  less  basic  char- 
acter of  the  feldspar  plain.  Sections  parallel  to  oo  P  ob  gave  with  refer- 
ence to  the  cleavage  an  extinction  angle  of  +5^.  The  8i>eciflc  gravit3'^ 
of  these  fragments  was  2.635. 

Thus  we  are  led  to  believe  that  the  more  acid  biotite-bearing  gab- 
ht)B  contain  at  least  as  an  accessory  constituent  the  S(>ecies  oligoclase. 
Upon  the  whole  the  facts  seem  to  strengthen  forcibly  the  presumption 
that  as  our  gabbros  become  more  acid  the  feldspars  also  assume  the 
more  acid  types.  We  shall  furthermore  see  as  we  proceed  that  the 
Itomblendio  gabbro-diorites  have  a  tendency  in  the  opposite  direction, 
ilie  feldspar  in  the  Iron -Hill  rocks  being  clearly  anorthite. 

Notwithstanding  these  variations,  a  notable  fact  is  the  uniformity  of 
•lucro-structure  observed  in  all  the  feldspars  from  one  end  of  the  belt 
to  the  other.  They  are  quite  similar  to  those  found  so  characteristically 
in  other  gabbro-feldspard. 

These  consist  largely  of  black  opaque  needles  of  clear  definition  and 
of  remarkable  straightness,  which,  as  they  become  wider,  show  generally 
an  oblique  termination  at  each  end. 

These  run  into  elongated  prisms  or  columns  of  a  brownish  color, 
similarly  truncated,  the  longer  axis  of  which,  however,  seems  to  bear 
no  constant  ratio  to  the  shorter ;  the  longer  ones  passing  into  those 
with  nearly  rhombic  section.  With  these  we  find  again  similarly  shaped 
prisms  and  rhombic  sections  of  a  black  color  and  highly  metallic  char- 
ikiter.  The  dust-like  particles  which  everywhere  occur  as  cloudy  patches 
near  the  center  of  the  feldspar  individuals  or  arranged  in  bands  coinci- 
dent with  the  twinning  lamellse  are  made  up  of  the  shorter  needles  which 
iQerge  into  mere  specks,  or  again  of  extremely  minute  crystals  or  irreg- 
dar  particles  of  a  black,  metallic  character. 

All  the  inclusions  show  a  definite  arrangement  in  parallel  systems, 
^  which  there  are  commonly  four,  though  sometimes  only  three.  Of 
these,  two  show  an  arrangement  parallel  to  tUe  edg^  Ql?  v  ci^^^  ^\x'\\f^ 
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the  vertical  axi».  A  sectiou  of  tricliiiiG  feldspar,  apparent)}-  ptuulM 
to  the  plaue  x  P  x,  shuwed  dUtinct -basal  cleavagv,  approximately 
parallel  to  which  was  a  definite  arrangenient  of  needlefi ;  but  the  cjBtrm 
conLiiiiiog  the  greatest  number  of  iDclaxioue  waB  that  formiog  an  anfcts 
of  110°  with  the  cleavage,  i.  e.,  uearly  parallel  to  the  vertical  axie,  8«s 
tiona  more  or  less  parallel  to  UP  show  an  arrangeDient  nearly  paralld' 
to  the  twinniu?  traces,  with  another  at  right  angles  to  the  same.  Thw 
two  systems  are  again  crossed  by  two  other  seta,  perpendicular  to  eisk  , 
other,  and  formiug  with  the  first  two  sets  angles  from  20°  to  25o.  Tbt 
character  aod  arrangement  of  these  inolusionB  are  beat  shown  in  Fig.  l 


Besides  these,  the  feldspars  are  everywhere  fiill  of  inclosaresof  foreigl 
minerals,  incliidinif  ri'ctaugular  crj'Htals  and  dnst-lihe  particles  of  mag- 
netite, well  formed  crystaJsof  brown  hornblende,  nndtracesofhiotite  sad 
pyroxene.  In  a  few  cases  they  contain  very  minnte  elliptical  or  elon- 
gated inclusions,  with  darkly  deHned  borders,  arranged  linearly,  with' 
out  bnbbles,  and  similar  to  gas  pores.  These  are  scarcely  moretbui 
.001"""  in  diameter;  associated  with  them  are  elliptical  or  greatly  elflii- 
gated  tapering  glass  inclusions  of  a  light  brown,  sometimes  greemsli 
color. 

il/o(7neti(e  is  a  very  constant  constituent  of  all  the  Delaware  rocta, 
occnrring  frequently  in  such  large  amonnts  as  to  nearly  or  quite  eqi"' 
the  pyroxene.  It  occurs  as  grains  and  dust-like  particles  from  .U^t" 
,4""  in  diameter.  With  reflected  light  it  ia  found  associated  in  mMJ 
cases  with  pyrite.  It  shows  no  decomposition  into  leucosene,  whilf  • 
careful  test  gave  only  a  slight  reaction  for  titanium  ;  hence  it  is  ptd^ 
ably  a  true  magnetite. 

.dpatite  occurs  as  prismatic  and  cross-sections,  more  generally  usi"" 
elusions  wt  Cbia  the  feldspars,  a\ao  ?tei\utB,\.\^'  •wH.hvtt  tUe  hornblende  M^ 
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the  pyroxene.  It  contaiDS  in  many  cases  an  abandance  of  inclusions. 
These  consist  (a)  of  long  transpacent  needles  or  prisms,  frequently  etched 
or  corroded,  at  other  times  intact,  centrally  arranged  parallel  to  the 
longest  development  of  the  inclosing  substance;  {b)  black,  opaque 
grannies  in  elongated  or  irregular  forms,  such  as  so  commonly  occur 
within  the  feldspars,  possibly  ilmenite — these  occur  fully  within  the 
apatite,  at  other  times  partly  or  nearly  penetrating  one  end  or  side  of 
the  same.  In  a  few  cases  the  apatite  crystals  are  corroded,  owing  ap- 
parently to  the  caustic  action  of  the  feldspathic  liquid.  In  one  case  at 
hand  the  apatite  prism  has  been  cut  entirely  across  in  the  center  by  a 
ilBSore,  and  the  space  has  been  filled  with  feldspathic  matter ;  a  little 
below  this  is  another  fissure  which  has  so  far  eaten  into  the  crystal  as 
nearly  to  bisect  it 

Quartz  occnrs  as  an  important  element  of  all  our  rocks.  In  the  thin- 
nest sections  it  gives  clear  colors  and  feeble  polarization,  and  is  easily 
recognized  by  its  want  of  cleavage  and  by  the  appearance  with  converg- 
ing polarized  light  of  a  uniaxial  interference  figure.  It  generally  con- 
tains groups  and  lines  of  extremely  minute,  darkly  defined  inclusions, 
entirely  ft'ee  from  bubbles,  possibly  gas  pores.  Less  frequently  are 
fonnd  inclusions  with  quiescent  or  feebly  moving  bubbles,  which  do 
not  disappear  on  heating  the  stage  to  nearly  lOO^  G. 

Brown  hornblende  and  biotite  occur  as  accessories,  by  the  increase  of 
irhich  the  hypersthene-gabbro  (A)  merges  indistinctly  on  the  one  hand 
intothe  gabbro-diorite  (B)  and  on  the  other  into  the  gabbro-granite 
(G).    See  table,  p.  8. 

Oamet  is  fonnd  as  an  accessory  in  rare  instances. 
The  true  gabbros  occur  most  abundantly  along  the  Brandywine  and 
'^pon  all  the  roads  leading  out  from  Wilmington.    In  these  localities 
^i^mirable  exposures  are  found  in  numerous  quarries,  and  upon  the  par- 
ticularly rocky  picturesque  slopes  of  the  Brandywine  Valley.    North- 
west of  the  city,  however,  the  rocks  become  distinctly  hornblendic  and 
tehibit  the  various  varieties  of  gabbro-diorite ;  northeast  in  Brandy- 
iHne  Hundred  the  rocks  are  associated  with  those  acid  forms  which  we 
have  here  for  convenience  termed  gabbro-granites,  although  the  two 
are  never  separated  by  any  closely  drawn  structural  lines. 

GABBKO-DIOBITE. 

This  name  is  given  to  those  rocks  which  represent  an  extreme  stage 
in  the  variation  of  the  normal  gabbro.  Brown  hornblende  is  known 
to  occur  as  an  accessory  constituent  of  true  gabbro,  but  some  phases  of 
the  Delaware  rocks  show  a  peculiarly  large  admixture  of  this  mineral, 
which  becomes  even  of  such  importance  as  to  more  than  equal  the 
pyroxenic  matter. 

In  extreme  cases,  again,  the  rock  consists  mainly  of  a  mixture  of 
|>rowa  bombleude  and  plagioclase,  with  pyroxene  in  but  a  trace.    In 
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hort,  we  flnd  every  stage  betweeu  the  masuive  gabbro  and  a  rock 
rbicli  ia  appareutly  a  tiorubleiide  gaeiss,  makiu^;,  as  a  cuuevqucnce,  i 
Toper  desigaatiou  of  tbe  rocks  dif&cult.  Mauy  types  deHoribed  uoder 
bia  head  might  strictly  be  placed  with  gabbros, others  might  be  pbtoed 
rith  horublende  gneisses  or  amphibolites,  the  rock  |M>H8e>!»s(ng  upoc 
he  whole  a  aiiioo  of  gabbro  and  diorite  ubaract^rs,  for  wbich  naaa 
he  term  gabbro-diorite  is  adopl«d  only  as  a  eotiveDieut  one  in  tli« 
reseitt  iiistAace,  without  attempting  to  adil  to  the  already  buideoed 
ock  □otnenclatiire.  lu  bardly  a  aiugle  case,  bo  far  discovered,  has  tl« 
rogress  to  more  and  more  highly  dioritic  forms  resulted  in  auentin 
bsence  of  pyroxene;  on  tbe  olber  hand,  most  of  the  forms  preseatiiig 
1  tbe  field  all  the  characters  of  a  hornblende  gneiHs  or  an  amphibotile, 
OQtaiii  pyroxene  in  such  au  amount  as  to  make  the  rooks  from  micro- 
copio  esamiuation  no  more  strictly  amphibolit«3  than  gabbro8,  bat 
ather  standing  intermediate  betweeu  the  two,  and  thus  tbe  term  to 
lany  cases  ia  a  natural  ouo. 

The  extreme  tj-pe  of  the  gabbro-diorite  is  a  black  rock  witb  a  gatiti; 
jstre,  showing  generally  a  high  degree  of  foliation;  other  transitioiud 
ypes  show  ao  obscure  foliation,  wbich  serves  to  connect  structurally 
be  foregoing  rocks  with  tbe  massive  gabbros.  The  byperstheiie  and 
be  diallage  of  this  rock  are  identical  witb  tbe  preceding,  Thefeld- 
par  gires  somowhiit  higher  angles  of  extinction,  in  the  more  extreme 
srinsof  tbis  rock,  approaching  anorthite.  It  contaius,  however,  tbe 
ame  oharacterislia  inclusions  and  is  apparently  identical. 
The  hornblettde  occurs  in  large  irregular  grains.  Tbey  have  a  green- 
ish brown  color  iu  ordinary  light  and  show  powerful  diobroic  proper 
taes.  Sections  transverse  to  the  vertical  axis  with  the  prismatic  clesf- 
age  well  developed  give  for  tbe  a  ray  a  deep  yellow,  and  for  the  t)ray> 
de«p  brown  with  powerful  absorption.  Many  longitudinal  sectionsshov 
DO  perceptible  change  of  color  or  absorption  npou  revolving  the  stage 
over  the  polarizer ;  these  are  presumably  sections  approximately  or  quite 
parallel  to  the  orthopinacoid  («  P  s).  and  give  the  color  And  absorption 
of  the  b  and  c  rays.  Tbe  mineral  is  therefore  dichroic  audoftherariei; 
known  as  basaltic. 
The  absorption  formula  is,  as  nsual,  C  =  b  >  a- 
The  mineral  offers  no  notable  characters  except  that  it  is  anDSnallf 
filled  in  mauy  cases  with  inclusions  of  magnetite,  wbich  commonly  in 
prismatic  sections  show  an  arrangement  parallel  to  tbe  cleavage.  With 
tbeee  are  found  crystals  of  apatite,  dust-like  particles  aud  symmetrical 
or  irregularly  shaped  needles  placed  parallel  to  the  vertical  axis.  ■* 
cleavagb  section  of  the  brown  bombleude  parallel  to  tbe  prismatic  fue 
gave  an  extinction  angle  c  to  c  of  I9°-  Magnetite,  pyrite,  apatite, 
qnartz  and  biotite  occur  as  accessories  of  the  gabbro-diorite  {B.  p-S)- 

The  relation  which  tbe  hornblende  bears  to  the  pyroxene  makes  i' 
probable  that  both  consolidated  out  of  a  more  or  less  molten  magui'' 
while  it  seema  that  vt  lowj  c»sq&  t.h«  pstoxeoe  coQBolidated  &rstj  i(  >< 
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ally  trae  that  pyroxene  individuals  in  many  cases  must  have  formed 
md  hornblende  particlesy  since  grains  of  both  hypersthene  and  green 
oxene,  giving  nniform  optical  orientation,  are  seen  to  inclose  large 
small  grains  of  brown  hornblende.  If  we  can  accept  the  well  known 
xy  that  hornblende  and  pyroxene  are  only  two  diflferent  crystalline 
OS  of  the  same  substance,  determined  by  different  physical  conditions 
he  moment  of  consolidation,  such  as  temperature  and  possibly  rate  of 
ling,  we  might  venture  in  this  connection  to  suggest  that  the  associ- 
»D  of  brown  hornblende  and  pyroxene  in  these  rocks  might  be  ac- 
uted  for  by  supposing  these  conditions  to  have  been  intermeiliate  or 
illatory  between  those  extremes,  which  in  one  case  would  produce  a 
d  gabbro  and  in  another  a  true  diorite.  We  have  already  intimated 
t  the  gradual  increase  of  bvown  hornblende  proceeding  from  a  mas- 
)  rock  was  also  accompanied  by  the  gradual  assumption  of  a  more 
istose  structure.  That  this  structural  change  has  been  induced  by 
Bsure  is  qaite  probable,  hence  there  would  seem  to  be  some  relation- 
^  between  pressure  and  the  relative  proportion  of  hornblende  to  py- 
one.  Oould  we  have  abundant  proof  of  the  alteration  of  pyroxene 
oompact  brown  hornblende,  which  is  possible  in  view  of  the  late 
dies  of  Dr.  O.  H.  Williams  on  the  rocks  of  the  Gortlandt  series'  and 
Prof.  B.  D.  Irving  on  the  rocks  of  the  northwest,'  we  would  have  a 
It  natural  explanation,  especicilly  since  these  rocks  present  similar 
lotoral  changes  from  massive  to  schistose  forms, 
n  an  article  by  the  late  Dr.  O.  W.  Hawes^  we  find  a  record  of  a 
tier  donbtfiil  instance  of  the  alteration  of  pyroxene  to  compact  brown 
nblende  in  the  occurrence  of  obscurely  outlined  inclosures  of  brown 
nblendd  within  pyroxene,  the  author  remarking  in  support  of  his 
oion  that  paramorphic  alterations  of  this  character  might  originate 
ardly  as  well  as  outwardly.  Thus  in  a  like  way  do  we  find  in  the 
ss  of  gabbro-diorites  under  consideration  inclusions  of  hornblende 
h  indistinct  borders;  but  cases  of  this  character  unaccompanied  by 
er  evidences  of  paramorphism  cim  hardly  be  considered  as  at  all 
elusive,  consequently  until  further  facts  come  to  our  notice  we  must 
ard  this  brown  hornblende  as  original. 

!he  distribution  of  the  rocks  of  this  class  is  by  no  means  a  definite 
k.  Many  of  the  exposures  along  the  Brandy  wine  show  in  places  the 
lerflBCt  development  of  a  foliated  character,  these  rocks  in  turn  be- 
ling  more  or  less  hornblendic.  The  northern  and  northwestern 
its  of  the  city  of  Wilmington  are  covered  by  eminently  or  obscurely 
ated  rocks  containing  both  pyroxene  and  brown  hornblende,  and  the 
(le  is  trae  of  all  the  exposures  along  the  Concord  and  Lancaster  turn- 
es  leading  out  from  the  city.  Roughly  speaking,  a  line  drawn  froui 
imensie  station,  on  the  Wilmington  and  Western  Railroad,  through 

» Am.  Jour.  Sci.,  3d  series,  vol.  28, 1884,  pp.  259-268. 

*  Fifth  Ann.  Rep.,  U.  8.  (ieol.  Survey,  1885,  pp.  175-242. 

'Am.  Jonr.  Sci.,  3d  aeries,  vui.  12,  L870,  p.  V^. 
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the  northern  limite  of  the  city  of  Wilmington  to  tbe  Braodywine  will 
serve  as  a  boundnry  north  of  which  the  ontcrops  are  of  black  ftdiaWd 
rncka  of  Ihts  clsiss.  However  distinct  this  area  may  at  first  sight  seem 
to  be,  it  is  disuuvered  that  in  all  these  rocka  the  genetic  conoecticm 
with  the  massive  gray  gabbros  is  steadily  maintained,  aad  into  these 
the  rocks  of  this  area  indistinctly  merge.  Since  the  most  interesting 
feature  of  the  brown  horableude  gabbro-diorites  is  the  position  whiuh 
tbcy  bold  as  counecting  links  between  massive  gabbroa  and  highly 
schji^tose  hornblende  gneissea,  it  will  be  proHtable  to  describe  in  order 
a  series  of  slides  which  reveal  most  clearly  these  transformations. 


Bratuij/ieine  Cretk,  Wllmingfon. — A  d>rk  gray  rock  of  Dnironu  itrnctare,  mukiTt^ 
and  poNseMiaj;  in  tbo  field  the  cliBructere  of  a  true  gabbni.  CoDBiata  maint;  of  hypsc- 
Htlioneand  plagiocUnfi  nearly  equally  developed,  with  a  small  amouDt  of  brown  boni- 
blende.  Diallage  in  but  a  trace.  Tbc  bypcrstheDe  bb  irro);Dlar  braucbiDg  Individ- 
□aln  .5'°'°  to  .e*"™,  wbich  till  up  tbe  opaccB  between  tbe  feldspar  and  nbich  iucloN 
miuute  grains  of  ptagtoclose.  Garnets  in  reotangular,  JBotropio  cryslala  of*  piukidl 
color.  Quartz  in  a  few  small  gnuDH.  Uagnetil«,  apatite.  Tbe  foldBpan  partlf 
clouded  by  daat  inttUBJoiu,  and  numerous  minute  cryatale  of  brown  bombtende. 

WilmingloH  Cilg  Eeitrroir.—RocW  black,  bb  niaaaive  bowlders  with  •ibsoare  foItatloD, 
conaiatB  luoatly  of  plagioclase  with  li  small  amount  of  hyperstbene  and  a  few  partiolM' 
of  dUllage;  brown  hornblende  soinewbat  subordinate.  Magnetite;  kpatito  taM 
The  feUlapara  mnob  clouded  by  dnat  ioolnaionti.    Qnarti  io  amall  aiiKmnt. 

Henry  Claf  P.  O.  (Dupont'*).— Rock  black,  with  obscure  foliation.  Plagtoolufe 
thf  iiiiiii:i]>at  niTi-itihii'iit,  liroivi:  boriiblehdo  and  hyperallieno  DParly  equally  repre- 
sented. Diallage  appareutly  abBsnt.  Quartz  in  several  large  grains.  Hagnetite; 
apatite. 

Toll  Gale,  Eennol  Turnpike,— Roc^  black,  partly  foliated,  consists  nioetly  of  pla- 
gioclaac  vrith  much  quartz.    Tbe  next  element  is  brown  hornblende  with  a  little  bio.-^ 
tite;  hypersthene  in  greutly  subordinate  amonnt.    Diallage  absent.    Magnetite,  py- 
rite,  apatite. 

Back  of  Old  Aima  Iloute,  Wiltitington. — Rock  black,  thinly  bedded,  aohtatoae,  offe^' 
ing  in  tbe  field  all  tbe  cbaracturs  of  an  aniphibolite.  The  hisilicatea  somewhat  in 
excess  of  tbe  feldipar.  Brown  borublcude  tbe  cfaluf  bisiJicate  constituent,  with  Icm 
pyroxene  represented  about  equally  bj  hypersthene  and  diallage.  Magnetite  and 
apatite.  This  rock  baa  the  schistose  character  more  strongly  developed  than  the 
preceding,  which  is  due  Io  tbe  relatively  targe  proportion  of  bisilicate. 

KiemcHsie Stalton,  JVtlmt»gton  and  H'ealern  liailroad, — A  thinly  bedded,  highly  foliated 
rock.  Biailicat^s  considerably  in  exctss  of  tbe  feldspar,  consisting  of  nearly  eqaal 
parts  of  hypenttbeue  and  brown  borubtcude,  and  a  small  amount  of  charaoteristio 
diallage.  Quartz,  m  small  amount.  Mattnetitu  scarce.  Tbe  discovery  of  this  rock 
is  of  particular  mtereal,  inaHinuch  as  it  forms  a  lenticular  mass  of  highly  foliated, 
thinly  bedded  hornblende  rock  between  mica  schists,  along  tbe  north  bordetof  tbe 
main  gabbro  belt.  A  little  farther  noitb,  and  just  below  Braudywiue  Springs,  is  an- 
other outlying  bed  of  gneiss,  which  ia  naaociated  with  a  similar  rock  next  to  be  de- 
scribed. Such  facts  as  these  enable  us  to  asaume  wiih  some  probability  that  tbe 
outlying,  lenticular  masses  of  anipbibolite  within  tbe  mica  schists  are  not  to  be  sep- 
arated in  nature  or  in  origin  from  tbe  hornbleude  rocks  of  tbe  larger  area  to  the 
souib. 

,ru»l  Belo>o  Urandi/iriiie  Springi  5fa(io".— A  blnek,  aphanitic  rock.     UndcrcrOMed 

1  mn"  to  a  ■"■"  in  diameter,  in  which  ate  porphyritically  developed  large  and  small  hj- 
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pMmtlwiie  individaala,  snd  nomeroos  erystalfl  of  garnet,  several  millimeters  across. 
The  hypentheoe  was  of  a  yellowish  color,  yisibly  but  not  eminently  pleochroic,  yel- 
low and  copper  red  with  distinct  prismatic  cleavage,  many  of  these  sections  showing 
with  oonoentrated  polarized  light  a  biaxial  cross.  The  garnet  occurs  as  rectangular 
piecea  of  a  pinkish  color,  entirely  isotropic  and  fall  of  characteristic  inclusions  en- 
doaed  by  individnalB  of  hypersthene.  Brown  hornblende  in  small  amonnt.  Magne- 
tite rare.    The  feldspar  highly  basic,  approaching  anorthite. 

Tkrm  «I2m  narik  qf  Newport. — A  black,  semi-foliated  rock,  consisting  of  a 
nettrly  equal  mixture  of  plagioclase  and  hornblende  with  but  a  trace  of  pyroxene, 
yet  that  little  in  well  characterized  fragments.  The  rock,  therefore,  represents 
the  extreme  stage  of  variation,  and  is  properly  a  hornblende  gneiss.  The  horn- 
blende offers  peculiarities;  it  is  visibly  trichroic,  but  not  so  strongly  so  as  is 
characteristic  of  the  green.  The  color  of  the  c  ray  is  a  dark  green ;  that  of  the  b 
▼ariea  from  a  brown,  quite  like  that  of  the  basaltic  variety  to  a  greenish  brown ; 
md  that  of  the  a  ray  is  a  fine  yellow.  Absorption  c  >  b  ^  a.  Sections  approaching 
paralleliam  to  the  dinopinacoid  gave  extinction  angles  of  about  15^.  The  horn- 
blende, therefore,  stands  intermediate  between  the  green  and  the  brown,  and  is  pos- 
ably  indicative  of  an  alteration  of  brown  hornblende  into  the  green  variety.  Mag- 
netite in  one  large  piece  several  millimeters  across,  full  of  beautiful  included  grains  of 
plagloolase,  also  in  smaller  granules.  The  feldspars  give  high  angles  of  extinction, 
ind  are  probably  either  bytownite  or  anorthite. 

LanooBter  Pike  aiuL  fFilmingion  and  Northern  Railroad. — Black,  fine-grained  rocks  in 
iseociation  with  coarser  varieties;  thinly  bedded  and  schistose,  although  less 
itrongly  so  than  the  intimately  relate«l  coarser  rocks,  showing  the  feeble  effects  of 
^reaanre  in  developing  a  schistose  structure  in  such  aphanitic  rocks,  notwithstanding 
be  large  amonnt  of  hornblende.  The  principal  constituent  of  the  rocks  is  brown 
MMnblende'with  somewhat  less  plagioclase.  Hypersthene  aud  green  pyroxene  in  but 
mail  amonnt.    Magnetite,  pyrite,  apatite. 

GABBBO-GBANITE. 

Another  accessory  coDstitueut  of  the  normal  gabbro  (A)  is  biotite 
B^hich  gradually  increases  in  amouut  so  as  nearly  or  quite  to  equal  the 
tyroxene.  This  particular  phase  of  the  Delaware  rocks,  as  already  in- 
imated,  is  furthermore  accompanied  by  much  quartz,  ho  that  the  rocks 
become  of  an  abnormal  type,  possessing  in  a  strange  degree  a  mixture 
if  granitic  and  gabbro  characters.  So  peculiar  is  this  feature  of  Dela- 
rare  petrography  that  it  seems  best,  for  want  of  a  better  term,  to  des- 
goate  these  extreme  types  as  gahhro-granites.  We  find  all  stages  of 
ransition  from  the  typical  form  of  this  rock  to  those  with  but  a  trace 
)(  biotite,  and  in  the  other  direction  to  those  which  are  nearly  true 
j^ranites. 

The  biotite  occurs  generally  as  oblong  blades,  showing  the  usual 
basal  cleavage  and  extinction  of  light  parallel  to  the  longest  develop- 
ment; also  as  scales  parallel  to  OP.  All  prismatic  sections  show  strong 
pleochroism,  i.  e.,  a  light  yellow  color  and  weak  absorption  for  rays 
vibrating  perpendicular  to  the  cleavage  or  parallel  to  a^  a^nd  a  deep 
brown  with  powerful  absorption  for  rays  parallel  to  the  direction  of 
sleavage.  Sections  parallel  to  OP  give,  as  usual,  but  little  variation  of 
3oIor  or  absorption. 

The  biotite  frequently  contains  as  inclusions  apatite  crystals  and 
prains  of  magnetite;  otherwise  poor.     Magnetite  also  generally  in 
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JDtiiDate  association  or  contact  with  biotite,  but  never  in  borders  around  < 
the  latter.  The  biotit«  coiumoDly  sbowti  those  mechauieal  dvforinatiuua 
BO  cbarstcteriBtie,  i.  e.,  a  bentliuK  anil  twiHting  of  tbf  lamelliB.  Tlie  » 
lation  of  tbe  biotite  to  tbe  other  miueraU  8bow8  that  it  mUHl  hare 
consolidated  before  the  other  inaguesian  silicates,  but  siibsequeDtU 
tbe  consolidation  of  the  feldspar. 

The  plagioclase  from  sereral  nieastiretueuls  on  soctions  parallel  to  ' 
OP  corresponds  probably  to  labradorite,  with  it,  and  possibly  replacing  ■ 
it  in  some  coses.  The  less  basic  oligoclane  ean  be  proven  to  exist,  aa 
shown  by  examination  of  a  Dumber  of  cleavage  fragments  extractnl  I 
from  tbe  coarser  baud  specimens.  Tbe  feldspars  in  all  cases  contaiu  tlA 
same  characteristio  inclusions  already  de^cribe<l.  The  highly  mica- 
ceous rocks  of  Bellevne,  which  offer  notably  distinct  charaetera,  con-  i 
tain  a  greasy  gray,  coarsely  crystallized  feldspar.  A  cleavage  leallut  , 
of  this  mineral  parallel  to  M  (<xi  P  ob),  as  Judged  from  the  absence  uf 
twinning,  gave  with  reference  to  tbe  cleavage  an  estiuetion  angle  of 
— 15'^,  and  with  concentrated  polarized  tight  tbe  side  apftearanoe  of 
an  optic  axis  on  the  margin  of  tbe  field.  Tbis  would  indicate  anon 
acid  Iftbnwlonte  in  accord  with  tbe  very  acid  character  of  these  rocks. 
Quartz  occurs  in  largo  amount  in  all  tlie  rocks  of  this  claims,  sevenl 
forms  being  largely  a  mixture  of  plagiuclase  and  Quartz,  with  littll 
pyroxene  or  biotite;  it  is  rich  in  liquid  Lnclnsions,  with  quiescent  of 
feebly  movingbubbles,  which  remain  permanent  at  a  temperature  abaft' 
100°  C.  Most  of  the  highly  (luartzoau  rockH  of  this  class  show  the  re- 
sults of  mechanical  movements  in  a  partial  or  an  entire  crashiiig 
of  the  more  brittle  quartz  granules,  protruding  angles  being  com- 
monly broken  off,  or  again  an  entire  side  reduced  to  a  mass  of 
granules  from  the  pressure  exerted  by  surrounding  larger  individnali. 
Again,  smaller  fragile  granules  of  feldspar  wedged  between  large, 
tough,  quartz  masses  have  been  partly  or  completely  crushed.  TliO 
rocks  of  this  class  cover  all  that  region  east  of  the  Brandy  wine,  and 
are  found  in  such  intimate  association  with  the  true  gabhros  as  to  Tffl- 
der  all  attempts  to  accurately  define  their  distribution  quite  ineffectosl- 
As  a  rule,  the  gabbro-granites  are  massive,  but  assume  a  semi-foliftKd 
character  whenever  tbe  biotite  becomes  an  important  constitueat.  In 
order  to  trace  out  tbe  gradual  passage  from  normal  gabbro  to  tboM 
rocks  of  a  highly  granitic  type  it  will  be  well  to  describe  a  few  slidM 
best  illoBtrative  of  this  point. 

aSIUZS   ILLUBTRA.TI.NO   TliANS^'URMATIONS. 

Characteriilio  Rock  of  Ihe  Br/init^teine  Quarriea. — Hock  bluish  hlsck  to  gray,  entlwlT 
masaivo.  It  cnnaisW  primarily  of  a  niiiture  of  qnarti  and  piaitioolase,  tlie  funnwi" 
larKO  gTBiDH  aevorul  millimeters  in  diainotor,  the  lutter  in  sin  aller  part  idea.  BiiUi- 
oates  consist  of  byperstbeno  and  diallage  aearlj  eqnally  represented,  u'itb  bioliM 
iu  small  amniiut.     MikjiDeUto;  apatiti!;  the  feldspar  rich  iu  iuchiaioDg. 

ITalnul  mu,  I!raa^jiH,i«e  Hiinitred.—Rock  bluisti  black,  masaive,  much  like  tll« 
^cecadjag,  but  conlaina  alatgei  \>QilioiioE  \iU\\wi^^ji:«,  <Hlu.Qh.  ia  ntoatlj  hjpenAV  ^ 
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race  of  diallage;  biotite  in  small  amount.  Qaarte  rioh  in  liquid  inolu- 
letite,  apatite. 

?timpike,  two  and  one-fourth  miles  from  fTt^min^ ton.— Book  dark-gray, 
a  peoaliar  aoid  type,  consisting  essentially  of  a  mixture  of  plagioclase 
with  scarcely  more  than  a  trace  of  biotite  and  pyroxene.  Magnetite 
in  small  amounts. 

Church,  Conoord  Turnpike,  North  of  TaZlf^mZId.— Rook  blaok,  semi-foliated 
sonsists  mostly  a/  plagioclase  with  maoh  quartz ;  hypersthene  and  diallage 
biotite ;  magnetite. 

ok  Station,  Wilmington  and  Xorlhern  jRatlroad.— Rock  may  be  taken  as  an 
e  of  this  class,  presenting  an  equal  combination  of  granitic  and  gabbro 
Plagioclase  is  the  principal  constituent,  with  which  is  a  smaller  amount 
one ;  diallage  and  biotite  about  equally  represented.  Quarta  in  a  nnm- 
grains;  brown  horubleude  in  small  amount;  magnetite,  apatite. 
,  Concord  Tarnpike.—^ock  much  like  preceding;  except  that  it  contains 
pyroxenic  matter  than  biotite.  Quartz  rich  in  inclusions  of  apatite  and 
ies. 

!>e2. — A  black,  thinly  bedded,  schistose  rock,  presenting  a  strong  contrast 
ve  gabbro-granites  with  which  it  is  associated;  it  contains  a  much  larger 
if  biotite  and  pyroxene  to  feldspar  tban  any  of  the  other  rocks  of  this 
I  a  superficial  examination  in  the  field  it  might  be  mistaken  for  an  am- 
it  under  the  microscopo  it  is  not  to  be  separated  from  the  highly  massive 
ites  already  described,  except  in  the  relative  proportion  between  plagio- 
le  other  constituents.  The  rock  is  of  special  interest  in  showing  the 
reesnre  in  causing  a  schistose  structure  in  highly  basic  rocks,  and  its 
er  effect  upon  the  highly  acidic  rocks  with  which  it  is  associated.  It 
marily  of  a  mixture  of  hypersthene  and  biotite,  and  a  somewhat  less 
tlagioclase.  Magnetite  abundant ;  apatite,  the  feldspars  unusually  rich 
istic  inclusions. 

ality,  as  in  many  others,  the  rocky  faces  of  a  light,  coarse-grained  trap 
ked  and  beclouded  by  lenticular  and  most  irregularly  shaped  segregations 
ftrker  fine-grained  rock.  These  are  found  to  be  due  to  local  variations  in 
proportion  between  feldspar  and  the  iron-bearing  silicates.  This  section, 
^pe,  is  practically  identical  with  the  latter,  but  while  the  preceding  rock 
re  area,  the  present  type  occura  as  included  masses  whose  dimensions  are 
inches;  the  cases,  however,  are  parallel  and  show  the  great  tendency  of 
variation  within  very  limited  areas.  The  rock  consists  mainly  of  a  mixt- 
stheue  and  biotite,  with  a  somewhat  less  amount  of  plagioclase;  diallage 
1  amount ;  magnetite.  Long,  characteristic  needles  of  zoisite  richly  de- 
he  feldspars ;  apatite  in  stout  prisms;  acicular  inclusions  abundant. 
itic  Rock  of  the  Bellevue  Quarries. — A  coarsely  crystalline  rock  of  a  bluish 
ay  color,  which  in  hand  specimens  appears  to  be  a  granite,  consisting  of 
'greasy,  gray  labradorite,  bluish  quartz  and  biotite.  It  is  usually  quite 
i  shows  in  places  in  the  large  quarry  walls  an  imperfect  foliation.  Under 
pe  plagioclase  and  quartz  predominate;  biotite  in  subordinate  amount ; 
,  scarcely  more  than  a  trace.  Magnetite  and  apatite  rare.  The  quartz 
lolusiona;  these  consist  of  darkly  bordered  cavities  without  bubbles, 
early  and  in  groups,  with  many  reddish  brown  inclusions,  probably  of 
t5al  or  elongated  with  taperiug  ends,  acicular  or  imperfectly  hexagonal. 
iiso  contains  numerous  black  hair-like  needles,  possibly  rutile. 

NORITE. 

is  more  variable  tban  tbe  exact  shade  of  color  which  the 
cks  aSsSiimo,  depeiulent  upon  tbe  relative  \>\!o\>c^t\Aovv\i^\»'^^«^ 
>d  the  bisilicutes}  thus  the  light  gray  uovW^^^t^lovsAiviNx^  ^ 
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stages  of  graduation  into  tlie  bhiisb  black  gabbros,  with  wliioli  thejr  IM 
88»oi;iated.  As  a.  rule  tbe  rock  is  hi^bly  quartzose,  contaiuing  vejus 
and  lens-sbaped  mafises  of  this  substauc^  developed  witbin  tbe  body  ol 
the  rock.  Iii  the  field  these  are  readily  recognized  by  tbeir  light  gray 
or  dirty  white  colors,  wbich,  ia  extreme  cases,  staiid  in  strong  coutrut 
to  the  dark  gray  or  bliiisb  bliick  colors  of  tbeir  associated  rocks. 

Atypical  section  under  esamhiatioD  is  composed  uiatoly  of  a  very, 
fine-grained  mixture  of  quartz  and  plagioclase,  whicb,  in  baud  spedmenR, 
appears  (|ait«  homogeneous;  in  this  grouud-maea  are  porpbyriliiwUf 
developed  larger  grains  of  hyperstbene  and  magnetite,  with  geuerallju 
few  sbreds  of  biotlte. 

The  rocks  are  invariably  massive,  altbnngb  in  oue  iironiiiient  rase 

along  tbe  Brandy  wiae,  a  true  norite  lies  adjacent  to  a  bigbly  Bcliisliw 

hornblende  gneiss,  while  tbe  passage  from  one  to  tbe  other  tbroucli 

darker  gabbros  ia  so  gradual  as  to  be  indistinguishable.    That  tliw 

uorites  have  beeu  subjected  to  great  pi'essure  at  one  time  or  another,  ie 

evidenced  by  the  nearly  complete  cruxhing  of  tbe  quartz  granules  aoil 

tbe  associated  plagioclase,  no  rocks  exhibiting  stronger  evidence  of 

mechanical  action  than  tbcse. 

'       Tbe  norites  are  found  in  such  intimate  association  with  tbecUA^ 

I   gabbros  that  it  is  quit*;  impossible  to  restrict  their  diHtribution.    Altrif! 

tbe  Brandy  wine  are  frequent  alternations  of  lighter  aud  darkertnpi 

while  over  tbe  whole  of  Brandywiue  Hundred   one  meets  with  uut 

r   cropping  bowlders  traly  characteristic  of  the  rouks  of  this  class. 

TOE  IKON  HILL  GABBROS  AND  GABBBO  DIOBITES. 
In  macroscopical  and  structural  characters  the  hyperstbene  rock* 
and  diorites  of  Iron,  Chestnut  and  Red  bills  seem  to  be  quite  dUtioct 
from  those  already  described.  That  this  difference,  however,  is  more 
apparent  than  real,  is  shown  by  uiicroscopio  stndies,  which  leadn^u 
regard  those  under  consideration  as  but  modified  forms  of  the  finer 
grained,  more  acid  gabbrosof  Wilmington.  The  Iron  Hill  rocks  are  fs- 
seutiallycoarsegrained  mixtures  of  triclinic  feldspar  and  hyperalteiifi 
with  a  greenish  diallage  in  variable  amounts.  They  seem  to  be  rearif 
or  entirely  free  from  quartz,  and,  so  far  as  studies  have  been  carried, 
of  the  basaltic  variety  of  hornblende,  but  they  contain  a  large  amount 
of  a  green,  paramorphic  hornblende  which,  by  entirely  replacing  tie 
pyroxene,  canses  tbe  rock  to  run  into  true  diorites,  with  which  iti« 
found  in  tbe  moat  intimate  association.  In  the  field,  tbe  rock  generally 
possesses  a  very  characteristic  purplish  gray  color,  and  is  sometimesw 
coarse  as  to  yield  large  paramorpbic  crystals  of  a  grayish,  fibrous  min- 
eral, several  inches  in  length,  which  have  the  physical  propertiesof 
fibrous  hornblende,  but  the  cleavage  angle  of  hyperstbene.  Mieroscopio 
examination  proves  these  secondary  crystals  to  contain  cores  of  bype^" 
sthene,  with  fibrous  hornblende  as  borders  around  them.  The  procaw 
of  a/feratioti  of  byperstbene  to  green  horublenile  is  by  no  means » 
uiiiform  one,  but  the  moat  cuq\uiou  meWiii'va  »a  fe^m-**',    ke'""'' 
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liuU  of  byperstfaene  becomes  surrouDded  by  a  fringe  of  colorless 
probably  tremolitio,  wliicti,  ou  the  outer  border  becomes  blaish 
to  ipeeD.  These  last  highly  colored  needles  sometinies  show  bat 
pleoohroUm,  again,  distinct  bluish  to  yellowish  colorti.  Uoder 
1  niools  the  whole  fringe  shows  the  most  brilliant  aggregate 
ation,  revealiDg  fibres  sometimes  placed  in  radiating  tufts,  at 
times  perpendicular  to  the  periphery  of  the  hyperstbeae  du- 
while  agaio,  the  white  fibres  of  tremolite  form  a  most  confused 
emeDt.  Later  stages  Id  the  process  show  the  gradual  encroach- 
■f  thU  flbroDS  tremolite  upou  the  hyperstbene  until  fiualty  it 
mtire  poesessiou  of  the  latter ;  thus  we  have  in  many  sectiona 
oDsiating  of  a  mass  of  tremolitio  fibres  surrounded  by  borders 
ir  leas  deep  of  green  hornblende  needles. 

ther  stage  in  the  paramorphism  consists  in .  the  gradoal  deep- 
of  the  border  of  green  hornblende  aggregates  until,  finally,  it 
mtire  possession  of  the  secondary  tremolite.  Furthermore,  there 
urked  tendency  of  the  fringes  or  cores  of  hornblende  aggregates 
ime  a  more  compact  nature,  either  upon  the  outer  border  or  by 
pearance  of  irregular  nuclei  within  the  body  of  the  fibrous  horn- 
I  individuals.  Thus  we  find  in  the  last  stage,  individuals  of  per- 
eompact  green  hornblende  with  only  the  remains  of  small  nuclei 
>D  hornblende  aggregates  within  the  latt«r.  So  abundant  and 
Jte  are  the  various  stages  of  paramorphism  in  the  relatively  few 
)0tioo8  which  have  been  prepared  that  oo  link  in  the  chain  needs 
(applied  by  the  imagination,  and  everything  poiuts  to  thi*  gradual 
Dimation  of  one  mineral  into  another.    Fig.  2  shows  an  early 


■SaetioD  UhHtntJng  the  alUrattan  oT  hnionthMie  Into  tt«mDUtc  ud  flbrana  gntu  hordUcod*. 


in  this  process  of  paramorphism.    In  the  large  piece  a  eov^tit 
rred,  highlj'  pleoclirojc  byperstheue  liea  \jiiT\e4v&«.-^\i\\B%"'^- 
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ilttaiice  wliivb,  under  crossed  nicola,  is  aliowD  to  coDsistof  a  dense  mass 
'^ftramolitic  fibres,  yicldiBg  brilliant  polarizatiou  colors.    Tlje  shaded 
Iiortlou  surrouuiljag  the   white  tremolife  is  composed  of  dark  greeu 
lionibleiidc  fibres,   giving   aggregate   polarizHtion  and   ratfaer  feeble 
pluochruisui.     The  large  amonut  of  magnetite,  shown  in  the  figure  bj 
the  black  granuleu,   ia  a  common  associate  of  the  secondary  honi- 
niende,  beiugniidoubtedly  a  separation  prodnct  from  the  highly  b>' 
[tngiiious  hyperBthene.     In  the  paramorphio  process  just  described  tbi1 
Jriteration  baa  been  entirely  an  outward  one,  the  original  hyperathene 
UlFttnining  its  fresh  appearance  within  the  envelope  of  secondary  matter; 
tlA  many  cases  again,  the  hyperathene  assumes  a  peculiarly  flbrouecbar- 
tftctor,  while  still  retaining  the  oharacteristic  pleochroism  and  parallel 
tieztiuetion  of  ordinary  bypersthune.     Between  crossed  nicols  it  ieseot^ 
P4iliat  this  appearauce  is  due  to  the  development  along  the  cleava^fli-; 
ranrea  of  brightly  polarizing  Bbres,  which  stand  out  prominently  intuit' 
nfant  colors  when  the  cleavage  lines  of  the  hypersthene  coincide  vltft- 
pihe  plane  of  vibration  of  the  light,  in  which  position  the  byper8tliGBi| 
t|i*  dark.     The  nature  of  these  inwardly  developing  fibres  is  not  ao  ert ' 
HSent  in  the  early  stages  as  when  the  original  hypersthene  becoffltU 
[•yearly  or  entirely  replaced  by  aggi-egates  of  parallel  white  fibres,  wIiiAf 
Ipy  polarizing  identically  with  those  in  the  loosely  aggregat«d  friDgo^l 
ntrii  probably  tremolitic.    Furthermore,  this  change  rarely  stands  aloB^  1 
utnt  is  Rccnmpauied  by  the  usual  ontward  fringing,  the  conftiBefll|f] 
Ttlaced  fibres  of  the  latter  often  penetrating  the  original  hy^^erstbeM 
Sometimes  the  cores  of  white  tremolite,  instead  of  being  made  ap  of 
aggregates  of  fine  threads,  become  more  compact,  and  are  composed 
of  coarser  fibres  or  columns  placed  parallel,  which  give  angles  of  ex- 
tinction from  nearly  0°  up  to  15°,  and  in  converging  polarized  ligli' 
show  the  appearance  of  one  optic  axis  which  lies  parallel  to  the  cIvst- 
age  line.'     Furthermore,  it  must  be  mentioned  that  the  fringes  of  green 
hornblende  aggregates  which  surround  the  tremolite  and  hypersthene 
cores  do  not  always  consist  of  confusedly  placed  needles,  but  verj 
commonly  the  green  hornblende  possesses  a  finely  fibrous  character 
simitar  to  uralite.    This  finely  fibrous  hornblende  possesses  rather  dii' 
tinct  pleochroism,  i.  e.,  bluish  green  and  yellow,  and  gives  between 
crossed  nicols  rather  brilliant  aggregate  polarization.     Unfortunately, 
the  term  uralite  has  generally  been  used  in  a  rather  ambiguous  sense 
to  indicate  a  substance  which  possesses  the  external  form  of  angite  bnt 
the  cleavage  and  the  optical  properties  of  green  hornblende,  yet  show- 
ing in  addition  a  few  special  characters  that,  in  the  particular  cases 
from  whicli  the  current  descriptions  have  been  framed,  are  clear  aud 
unmistakable;  in  otliers,  not  so.     Thus  it  is  difficult  to  use  the  terra 
vralite  with  that  confidence  with  which  others  have  used  it.    Suffice  it 
to  say,  however,  (hat  tbo  green  hornblende  aggregates  which  staod 

'Soaeabaacb;  Mlkroskopiache  P\ijB\ojra.^tv6,  Sooond edition.    VoLl,I88Bjp.46S> 
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between  the  original  hypersthene  and  the  final  oompact  hornblende 
loeaefts  all  the  optical  characters  of  green  hornblende,  and  that  the 
jrooesa  is  quite  simnar  to  that  which  is  generally  called  uralitization. 

The  paramorphio  process  next  to  be  described  is  one  of  particular  in- 
treaty  inasmuch  as,  in  many  respects,  it  is  a  novel  one.  In  this  case 
:-he  byiiersthene,  instead  of  being  changed  into  fine,  loosely  placed  ag- 
j^regates,  passes  into  a  more  compact,  green  hornblende.  The  properties 
>f  this  hornblende  are  generally  distinct — its  pleochroism  is  strong,  with 
;he  usual  blue,  yellow  and  green  colors  characteristic  of  ordinary  green 
lornblende.  The  customary  cleavage  is  well  developed,  bat  there  is  an 
entire  absence  of  that  finely  fibrous  habit  characteristic  of  uralite.  The 
>ptical  orientation  is  uniform,  and  altogether  the  mineral  appears  per- 
fectly compact.  It  forms  borders  around  the  hypersthene  tcith  the  usual 
Intervention  of  a  layer  of  white  tremolite.  These  borders,  which,  with 
:>rdinary  light,  appear  to  continuously  surround  the  pyroxene  cores,  are, 
between  crossed  nicols,  sometimes  found  to  be  made  up  of  differently 
orienting  areas  of  a  compact  nature,  or  again,  very  commonly  a  uniform 
extinction  of  light  takes  place  throughout  the  whole  border. 

Notwithstanding  some  misgivings  as  to  the  secondary  nature  of  these 
hornblende  borders,  as  opposed  to  the  idea  of  parallel  growths  of  two 
original  substances,  the  evidence  still  remains  strong,  and  is  based  upon 
the  following  considerations:  First,  the  process  is  identical  with  the 
ordinary  alteration  into  uralite  even  to  the  intervention  of  tremolite, 
these  two  processes  showing  intermediate  stages  where  the  same  in- 
dividual IS  in  one  portion  partly  surrounded  by  a  compact  border  and 
in  another  altered  into  loosely  placed  aggregates.  Second,  there  are 
found  all  stages  in  the  transformation,  from  large  individuals  of  hyper- 
sthene with  narrow  fringes,  to  those  with  but  traces  of  cores  within  in- 
dividuals of  apparently  compact  green  hornblende.  Bearing  further 
upon  this  alteration  of  hypersthene  to  apparently  compact  green  horn- 
blende, it  is  necessary  to  consider  the  alteration  of  amonoclinic  pyrox- 
ene, which  proceeds  in  a  like  manner.  The  mineral  which  has  been 
identified  as  a  monoclinic  pyroxene  occurs  in  irregular  grains  of  a  green- 
ish gray  color,  with  an  eminent  cleavage,  and  frequently  possessing 
the  finely  striated  appearance  characteristic  of  diallage.  It  is  entirely 
unpleochroic,  and  gives  high  angles  of  extinction  approaching  45<^. 
These  individuals  of  diallage  are  generally  surrounded  by  borders  of 
compact  green  hornblende,  whose  relations  to  the  pyroxene  cores  are 
sach  as  to  be  quite  convincing  regarding  their  secondary  nature. 

The  contact  between  the  diallage  and  the  green  hornblende  borders 
is  generally  quite  irregular,  tongues  and  shreds  of  green  hornblende 
continuous  from  tlie  latter  commonly  penetrating  far  into  the  original 
pjroxene,  and  in' one  case  under  observation  passing  entirely  through 
the  core  to  the  other  side.  The.  line  of  contact  between  the  original 
and  the  secondary  minerals  is  in  some  cases  quite  clearly  defined  ^\!l^1 
^rp,  in  others  a  line  oi*  reparation  can  8carce\>'  b^  ^i\»cw\ct^^'^\\^^^iX^^ 
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highest  powers.  Accompanying  this  oiilwtird  change  thtre  isobservM 
the  development  wilhin  the  ]\TroseD«!  of  nnmeroaa  elongated  inclofiioni 
of  green  honiblendo,  (irraoged  geuerally  parallel  to  the  cleAva^  Use*, 
and  fio  covering  the  faces  of  the  dinllage  sections  as  to  ^ive  to  the  latter 
a  peculiarly  streaked  appearance,  often  to  the  oearly  coniplelo  replug- 
ment  of  the  pyraxeiie.  Tlie  outlines  of  these  iuoiusious  aru  iudistinguisfa- 
able  with  low  powei-s  Jx75),  in  most  cases,  aud  their  formti  are  vary 
irregular,  which,  together  with  their  numl>er.  renders  an  accurate 
delineation  dllllcult.  We  have  alreudy  mentioned  an  extension  of  tie 
outer  greeo  border  in  the  form  of  narrow  tongnes  into  the  pyroiene 
Hnbatauce;  in  a  similar  way  we  often  observe  tongues  or  neoks  of  ^nen 
hornblende  iwinecting  the  onter  bonier  with  some  of  the  more  irr«giil>r 
of  thoiie  iochiaioiis  which  spread  and  branch  thronghout  the  central 
nucleus,     lit  Fig,  .^  wo  have  a  typical  case  of  t  his  alteration  of  pyroseoe. 


i 


no,  3. — SMtioD 


illage  in 


The  central  core  of  pyroxene  (BBB)  is  of  a  greenish  gray  color  rtth 
eminent  cleavage,  as  shown  in  the  flgnre.  It  is  entirely  devoid  of  plw- 
chroism,  and  gives  an  extinction  of  33°.  The  border  of  green  boru' 
blende  which  tiurrounds  it  is  entirely  compact,  ht*  pleochroism  is  stroiigt 
with  bluish  and  yellow  colors.  Between  crossed  nieols  the  portion 
marked  AAA  extinguished  light  uniformly  at  the  same  iostan^  while 
the  portion  DD  deviated  from  the  first  position  of  extinction  but  a  fe* 
degrees.  With  the  very  sensitive  quartz  plate  the  whole  border  showwl 
uniform  polarization  colors,  and  was  in  the  strictest  sense  compact. 
Within  the  body  of  the  pyroxene  cores  are  seen  the  characteristic  la- 
elusions  of  green  hornblende,  which  is  nndistingnishkble  from  that  op 
the  outer  margin;  two  of  these  are  continuous  with  the  bonier  bf 
clearly  defined  necks.  The  outlines  of  these  inclusions  are  sotnew!i»t 
iadiatiuct  and  not  so  clearly  AeSnei  a&  \.\ift  i\w."««it  mast  show;  they 
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Bbade  gradaally  into  the  lighter  pyroxene  sabstance  and  on  their 
borders  fail  to  extinguish  the  light,  but  in  their  centers  extinguish  uui- 
tbrmly  with  the  border,  strongly  testifying  to  the  crystallographic  ideu- 
tity  of  the  two.  The  case  of  the  alteration  of  diallage  to  compact  green 
hornblende,  which  has  just  been  described  and  figured,  may  be  taken 
M  a  ^pe  of  many  others  as  observed  in  a  study  of  the  Iron  Hill  gabbros 
uid  gabbro  diorites.  Exactly  similar  cases  in  the  Baltimore  area  have 
been  described  by  Dr.  O.  H.  Williams,^  who  regards  these  hornblende 
fringes  and  intergrowths  as  secondary ;  and  in  the  Black  Forest,  by  J. 
H.  Elloos,'  who  regards  them  as  original.  In  the  example  before  us  a 
icreat  mass  of  evidence,  as  I  believe,  goes  to  favor  the  derivative 
nature  of  this  compact  hornblende,  not  alone  because  of  the  favoring 
facts  which  a  single  typical  case  can  furnish,  but  partly  because  the 
study  of  a  long  series  of  thin  sections  reveals  all  stages  in  the  passage 
from  diallage  to  green  hornblende,  and  this,  therefore,  weakens  to  a 
large  degree  the  assumption  that  all  these  cases  can  be  explained  by 
any  theory  which  implies  an  original  crystallization  of  both  minerals. 

A  change  like  this,  involving  the  diallage,  being,  as  I  believe,  the 
result  of  a  molecular  rearrangement  more  favorable  to  the  lower  tem- 
perature, may  take  place  within  the  body  of  a  diallage  particle  as  well 
as  upon  its  surface,  and  hence  we  observe  in  the  rocks  under  considera- 
tion these  two  processes  going  hand  in  hand  to  the  complete  replace- 
ment of  the  original  substance.  What  has  already  been  written  re- 
garding the  alteration  of  diallage  to  compact  green  hornblende  can  be 
brought  as  a  further  evidence  regarding  the  secondary  nature  of  those 
hornblende  borders  which  surround  the  hypersthene,  as  the  two  kinds 
of  hornblende  occur  together  and  are  identical.  It  must  be  observed, 
however,  that  the  process  of  paramorphism  in  the  two  cases  is  distinct. 
There  has  as  yet  been  found  no  substantial  proof  of  the  direct  altera- 
tion of  hypersthene  to  compact  green  hornblende  without  the  interven- 
tion of  a  colorless  tremolite  zone,  and  there  is  furthermore,  as  was 
observed  by  i>r.  G.  H.  Williams,  an  entire  absence  in  the  body  of  the 
hypersthene  of  those  obscurely  defined  green  hornblende  inclusions 
which  so  characterize  the  diallage ;  on  the  other  hand,  the  change  is 
an  outward  one  in  all  cases,  and  as  the  same  writer  has  admirably 
demonstrated,  the  hornblende  .appears  to  be  due  to  a  reaction  between 
the  hypersthene  and  the  accompanying  feldspar,  the  basic  plagioclase 
furnishing  the  lime  necessary  to  this  change. 

Regarding  the  paramorphism  of  diallage,  it  must  be  mentioned  that 
while  the  method  just  described  seems  to  be  the  most  general  one, 
there  is  also  an  alteration  into  true  uralito  similar  to  that  affecting 
the  hypersthene  in  so  many  instances.  This  consists  in  the  gradual  re- 
placement of  diallage  particles  by  aggregates  of  light  fibres,  either 

*  Bull.  U.  S.  Gool.  Survey,  No.  2^  1880,  p.  41. 
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treinoHte  or  nctinolite,  wliicb  in  turn  changes  outirardly  into  a  light 
green  floely  flhrous  hornblende. 

The  feldspars  of  the  Iron  Hill  gabbro-diorites  are  apparently  eom^  ' 
what  more  basic  than  those  fouud  Id  the  more  acid  gabbros  near  Wij. 
mingtou. 

The  feldspar  in  a  typical  sample  of  the  rock  was  separated  by  Mr.  ; 
Diller  as  follows :  The  iron  inagneaian  silicates  were  first  separated  Ity 
means  of  the  Tlioulet  solution  having  a  specific  gravity  of  2.877.  Tbe 
separated  feldspar  was  then  pnc  into  a  solution  of  2.592  specihc  gravity, 
in  which  an  ortboclase  indicator  was  slowly  raised  to  the  surface.  Tlie 
feldspar,  thus  cleaned  of  any  8u-spected  orthoclase,  proved  from  micro- 
Bcopic  examination  to  contain  much  included  matter;  to  remove  this  I 
solution  of  2.749  specific  gravity  was  used.  It  barely  liftwi  the  feld- 
spar, allowing  portions  containing  the  inclusions  to  remain  beliinil. 
The  feldspar  thns  obtained  has  a  specific  gravity  between  3.749  ud 
2.592,  with  most  of  it  as  heavy  as  2.749. 

An  analysis  of  the  feldspar,  by  Mr.  Itiggs,  is  given  below. 


I 


BiO,  =  (rilic» i*.m 

A!,0,  =  alniiiin» 36.41 

Fe,0,^ferriooxida  (FeO  not  det) 51 

UuO=^niaiif!iuiete  oxide trace. 

C»0=lime 18.  <7 

HgO  =  magncBia none. 

NBgO  =  aoda 90 

KjO^polaali 19 

Losa  OTi  iguitioD 3-'i 


100.  01       100.  w 


Golnmn  No.  II  gives  the  theoretical  composition  of  a  feldspar  with  Uio 
formula  Abj  An,].  The  mineral  is  therefore  an  intermediate  raembet 
of  the  anorthite  series,  and  is  considerably  more  basic  than  the  analjsefl 
of  the  feldspars  separated  from  the  ncid  gabbros  indicate.  A  cleiiv- 
age  section  of  an  Iron  Hill  gabhro-diorite  feldspar  was  detached ;  it  gavt 
an  extinction  angle  with  the  cleavage  of  -35°aud  had  a  specific  gravity 
of  2.74.5,  both  answering  again  to  anorthite.  The  development  ofiuclo- 
sions  witbiu  the  feldspars  is  a  notable  feature  of  these  rocks;  tbeH 
dust  particles  often  so  cover  the  twinuing  lamellai  as  to  make  them  ap- 
pear like  a  series  of  parallel  black  bands,  separated  by  lines  of  ligbt 
coincident  with  the  twinning  traces ;  again,  short  opaque  needles  oc"" 
in  abundance,  but  there  seems  to  be  uu  absence  of  those  brownish 
prisms  so  characteristic  of  other  feldspars. 

The  hyperathene  and  the  diatlage  show  the  same  micro-stmctnw 
already  described,  and  frequently  the  former  minenil  contains  a  nam- 
ber  of  light  brown  inclusions  arranged  parallel  to  the  vertical  a^iSi 
similar  to  thoiiti  which  in  other  hypersthenes  are  I'egarded  aa  brooliii^ 
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7o  draw  a  diatinct  line  between  this  type  and  the  foregoing  apon 
rographical  bonsideratloaH  is  qaite  itnpossiblts ;  the  dietiuction  is 
re  properly  a  atmctnral  one,  ataodingas  it  does  quite  apart  iamaoro- 
ploal  cliaraoters.  The  main  mass  of  a  series  of  elevations,  of  which 
n  Hill  is  the  most  prominent,  consists  of  a  fine-grained,  greenish- 
(A  rock,  from  which  all  traces  of  pyroxene  have  disappeared,  the 
t  bisilicate  eouaisting  of  ampbibole,  either  Che  colorless  tremolite 
the  fibrous  green  hornblende.  As  we  ehould  expect,  the  rock  is  an 
veme  fbrm  of  the  one  already  described,  in  which  the  hypersthene 
i  Dearly  ^r  entirely  disappeared,  and  has  been  replaced  by  aecondary 
molite  and  green  hornblende.  The  less  advanced  stages  of  the  rock 
)w  cores  of  tremolil«  fibres,  giving  between  crossed  nicols  brilliant 
legate  polarization,  with  these  cores  in  tom  surronnded  tiy  borders 
greater  or  leas  thickness  of  green  hornblende  aggregates;  other 
itions  are  entirely  green,  showing  cores  of  green  hornblende  needles 
aalng  into  the  compact  form.    Fig.  1  represents  an  individual  of 


rw.  t.— SmUou  lllaitntiag  the 


rnblende  wfaich,  with  ordinary  light,  appears  to  be  quite  homogeneons; 
th  the  nse  of  the  polarizer  aloue  the  whole  is  distinctly  pleochruic, 
t  more  uniformly  so  over  the  portions  marked  A  A..  Between  crossed 
sols  thia  last  portion  AA,  including  all  the  areas  io  the  figure  oorre- 
SDdingly  shaded,  extinguislies  uniformly,  and  appears  to  be  perfectly 
npaot;  the  {tortious  marked  BB  show  brilliant  aggregate  polari- 
eion  -and  appear  to  be  composed  of  irregularly  placed  needles  of 
sen  hornblende,  which,  from  their  marked  pleocbroism,  are  probably 
i  latter  and  not  actiuolite.  The  irregularity  and  indistinctness  of 
is  compact  border,  which  a  drawing  can  not  well  portray,  leaves 
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no  doubt  whatever  of  its  secondary  nature,  and  faniialios  a  IjihchI  in- 
stance of  that  Quill  trauHformation  wliicb  is  everywtiere  obst-'ncd, 
Tbe  feldspars  of  tbe  typical  dioritus  of  this  order  are  particularly  nota- 
ble for  tbe  number  of  colorless  iuclusious  nbich  they  contain.  These 
show  an  arraugemeot  commonly  parallel  to  tbe  twiouiDg  traces,  aud 
again  in  patches  which  greatly  obscure  tbe  Teldspat;  tbey  hare  t 
dcfluite  crystalline  form,  and  polarize  strongly  nnd  distinctly  from  tlw 
feldspar  which  eacloses  them;  in  size  tbey  avenge  .01""°  by  .OOTi>°", 
many,  however,  measured  near  .005°""  by  .0025*"'".  The  forms  of  tlie» 
can  be  tsoen  in  Fig.  5.    Oa  accoaot  of  their  minuteness  tbe  extinction 


ipor  of  IiDD  mn  eabbro. 


could  not  be  definitely  determined,  except  that  it  was  obliqnetotbe 
prismatic  edges.  With  these  commonly  occnr  numerous  ligbt  gre«n 
needles  which,  from  their  faint  pleochroism,  are  probably  actiDolilc- 
Tbe  feldspars  of  the  highly  paramorphoaed  diorites  also  show  a  nota- 
ble alteration  to  epidote;  the  process,  however,  has  seldom  been  ca^ 
tied  beyond  the  formation  of  niirrow  fringes  around  ragged  core*  of 
plagioclase.  In  order,  as  before,  to  make  still  clearer  the  paramorpbio 
tendencies  already  pointed  out  we  will  describe  a  series  of  sections. 

a&RIES   IIXUSTRATiNG    TR^NSyOHMATIONS. 

/ftrf  SiJl.—A.  coarse-grained  purplish  gray  rork,  consisting  of  a  mixture  of  brfu 
plagi oulHse,  hyperathene,  nnd  Jiullace,  abnwing  an  earlj  etAife  in  tbe  tranRitJon  M 
diorito.  Tba  hyperatUune  iudivldiials,  which  ari^  noatly  large,  and  full  of  dvti 
auicular  iDcluaioim,  are  surn>iiiide<l  in  ttie  uRaal  way  by  bocdeca  of  tiemolile  andboiv- 
bloude  BggtPgateH,  lu  other  canBH  individuals  of  LyiierBthoDo  become  BurtooniiedliJ 
boriera  of  iierfectly  compact  green  bonibleude,  witli  the  usual iot«rvcn lion  of  alajw 
of  white  tremolite  fibres.  A  light  green  dialliige  occurs  iu  cooHiderahle  amount,  ■u* 
raiindcd  by  the  usual  borders  of  compact  hornblende,  and  fall  of  ohaoarelr  Uti"^ 
greea  hornblende  inclusions.  Uogaetite  in  large  amount  u  tt  eeooodw/ {aodwl 
asBooiaWd  with  the  amphibole. 
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B§mA  Mmem  Iron  Hill  and  Sandy  Bray. — Much  analtered  hyperathene,  and  a  light 
peen  pyroxene,  with  leas  pU^oolase  rioh  in  iaolasious.  Both  hy peratheue  and  greea 
pynxeoe  Barroaoded  by  bNorden  of  coinpaot  green  hornblende  with  the  nsual  charao- 
Mttioa.  There  is,  however  an  entire  absence  of  anything  like  nralite.  The  hyper- 
itheiia  rich  in  indosions ;  magnetite  as  osnal. 

/.  IT.  Djfslf •.^Somewhat  further  paramorphosed  than  the  latter.  All  the  hyper- 
■Umhb  in  thia  section  is  much  altered.  The  hypersthene  individuals  show  all  stages 
ot passage  into  aggregates  of  whitish  parallel  fibers,  yielding  the  brilliant  aggregate 
polarixation  oharaoteristio  of  tremolite.  This  change  seems  to  take  place  along  the 
eksvage  fiasares,  as  well  as  outwardly.  Individuals  of  hyperstheue  in  this  section 
■n  fbond  in  all  stages  of  passage  into  these  tremolitic  aggregates ;  these  cores  in 
tun  altering  oatwardly  into  green  hornblende  needles,  or  into  a  finely  fibrous  green 
iMnblsnde,  the  feldjipars  rich  in  dust-like  inclusions;  magnetite  in  small  amount 
iBiieh  altered  to  oxide  of  iron. 

Weti  end  of  Ckeatnut  Hill.— This  section  shows  ragged  remnants  of  hypersthene  im- 
bedded in  aggregates  of  tremolite  fibers  which  are  outwardly  green.  Green  pyroxene 
indiTidnals  snrronnded  by  borders  of  compact  green  hornblende,  and  mnch  streaked 
byioclnsions  of  the  latter;  magnetite  in  large  amount  as  dust  particles  within  the 
faJtUioates;  the  feldspars  much  clouded  by  inclusions  and  partly  decomposed. 

ihrnfTUI. — Shows  a  somewhat  more  advanced  stage  than  the  latter,  with  only  traces 
of  liypersthene  embedded  in  the  tremolitic  fibers  which  outwardly  become  green. 
Isolnsions  in  the  feldspars  abundant ;  magnetite. 

Jut  below  Iron  Hill  Station. — This  rock  shows  no  trace  of  hypersthene,  but  several 
pieces  of  a  qnite  fresh  light  green  diallago,  which  is  found  in  all  stages  of  replacement 
^7  aggregates  of  parallel  fibers  of  light  color,  surrounded  by  borders  of  a  finely 
fibrous,  green  hornblende,  or  by  aggregates  of  green  hornblende  needles.  The  feld- 
spsis  are  notable  for  the  dense  clouds  of  colorless  inclusions  which  obscure  the  twin- 
i^ing.  The  feldspars  have  their  edges  greatly  corroded  and  fringed  with  epidote; 
iBsgnetite  with  pyrite  in  small  amount. 

Inn  Hill,  road  to  Wkitaker'e. — A  still  further  stage  In  the  proeess.*  The  pyroxene 
hu  eutirely  disappeared,  and  been  replaced  by  aggregates  of  white. tremolite  fibert 
^hich  outwardly  are  green.    The  feldspar  much  clouded.  ,^ 

aABBBO-DtOBITE  AND  HORNBLENDE  GNs/ 
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The  normal  gabbro  is  again  found  to  merge  by  the  addition  of  a 
green  hornblende  into  the  common  hornblende  rock  of  this  region.  The 
leok  shows  always  a  more  or  less  perfect  foliation,  and  has  a  black  or 
gieenish  black  color.  Macroscopically  it  appears  to  consist  entirely  of 
liomblende,  but  thin  sections  show  the  presence  of  a  considerable 
amoant  of  basic  plagioclase,  also  of  either  or  both  pyroxene  elements; 
^e  have,  therefore,  adopted  the  term  gabbro-diorite  in  this  case,  as  in 
the  others;  where,  however,  the  pyroxene  becomes  entirely  replaced 
l)y  green  hornblende,  the  gabbro-diorites  will  merge  into  true  horn- 
blende  gneisses.  From  massive  gabbro  to  gneiss  the  same  indistinct 
gradations  are  found,  although  in  this  case  the  structural  change  seems 
to  more  abrnpt. 

The  hypersthene  is  identical  with  that  in  the  normal  gabbro;  with  it 
^8  associated  a  light  green,  nearly  colorless,  pyroxene,  with  the  cleavage 
^d  other  characters  of  diallage,  occurring  in  large  individuals  several 
iniliiineters  in  diameter,  of  the  same  form  as  the  green  hornblende  with. 
^Mcb  it  IS  most  intimately  asdociated.    It  is  thii  on^  p^toil'WCl^  v\^\s3kWQX» 
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in  tliis  variety  of  gabljro-diorite,  bypBrstlieiie  being  fbuDd  in  bat  miW 
amount,  nirely  iu  more  than  a  trace.  The  grwii  hornblende  which  j| 
such  an  important  constituent  of  these  rocks  occurs  in  irregular  graloi 
and  elongated  individuals,  sbon'ing  tlie  nsaal  prismatic  cleavagu;  iu 
(ilcooliroism  is  strong  but  diutiuct  from  that  observed  iu  the  bnsaltlc 
\'ariety.  Uross  section.^,  in  which  the  cleavage  fissures  intersect  at 
about  11'4°  and  56°,  give  for  the  a  ray  a  light  yellow,  and  for  the  (j  ray 
a  green. 

Sections  which  show  an  extinction  parallel  to  the  cleavage  lines,  ami 
therefore  sections  parallel  to  the  zone  OP:  ec  P  cb;  give  the  color  of 
lilt;  c  ray,  which  is  a  bluisli  green;  and  with  concentrated  puloriied 
light  the  appearance  of  one  optic  asia.  A  cleavage  leaflet  dtft^ched 
with  a  pen-knife  and  parallel  to  a  priBm&tic  face  (  %  P  )  gave,  «itti 
reference  to  the  other  prismatic  cleavage  fissures,  an  extinction  between 
14°  and  16°.  The  green  borableude  shows  no  notable  characters;  it 
commonly  is  quite  full  of  included  grains  of  magnetite  arranged  parallel 
to  the  cleavage  lines,  and  of  black,  opaque,  acicnlar  inclnstons  Biuilu 
to  those  found  in  the  basaltic  variety.  The  feldspars  of  these  rodLI 
give  somewhat  higher  angles  of  extinction  than  the  true  gabbroo,  and 
probably  upon  the  whole  indicate  a  more  basic  form.  NuuierouH  ni«iu- 
urements  were  made  where  alternate  seta  of  twinning  bands  extioguiah 
at  eqnal  angles  on  each  side  of  the  twinning  traces,  and  the  angle* 
were  all  high,  indicating  a  highly  basic  feldspar. 

Cleavage  fragments  parallel  to  (0  P)  were  obtained  from  a  typlCBt 
Harmony  Mill  rock,  and  gave  eitinctions  of  -34°  and  -3oo ;  the  speeifls 
gravity  of  tho  fragmentfl  was  2.745.  Similar  cleavage  fragments  from* 
typical  gabbled iorite  below  Jessup  and  Moore's,  on  the  Brauilywine, 
gave  extinctJM  angles  from  -34°  to  -39°  and  a  speeitic  gravity  of  3.73J. 
Thus,  in  common  with  the  Iron  Hill  gabbra-diorite,  those  of  this  olaM 
seem  to  contain,  at  least  iu  the  more  extreme  types,  the  basic  anot- 
thite.  It  will  be  well  to  repeat  here  that  the  more  basic  characterofUiB 
feldspars  is  in  accord  with  the  fact  that  the  rocks  of  this  type  alwayt 
contain  in  addition  to  hornblende  the  lime-bearing  pyroxene  (dial 
lage),  almost  to  the  exclusion  of  the  maguesiau  silicate  ( hyperstheoe), 
and  with  the  further  fact  that  these  rucks  are  poor  in  quartz.  Uig- 
netite  and  apatite  occur  in  these  rocks,  but  never  in  large  amount;  they 
are  also  less  quartzose,  although  quartz  is  fre<)nently  found  in  sisall 
amount.  The  intimate  association  of  diallage  and  green  hornblende  at 
once  suggests  the  questiou  whether  the  latter  should  be  considered  > 
secondary  or  an  original  substance.  The  evidence  of  the  directpassage 
of  diallage  inl«  compact  green  hornblende,  which  was  so  near  at  band 
in  the  Iron  Uill  gabbros,  is  not  so  clear  in  this  type  of  rocks.  Tbe 
study  of  particular  thin  sections  might  load  one  to  explain  the  iatimate 
association  of  pyroxene  and  green  hornblende  on  tbe  supposition  (^ 
parallel  growth,  while  others  would  incline  the  observer  to  the  vie* 
that  tbe  hornblende  might  bea&ecoivdary  i>rodnctiiomdialIage;  heooe 
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a  most  thoiongh  comparison  of  many  sections  is  the  only  safe  ground 
for  any  oonolasion.  I  am  not  therefore  ready  as  yet  to  take  any  posi- 
tive groand  antil  further  material  shall  have  been  collected  and 
sfeadied.  It  will  be  well,  however,  to  weigh  the  evidence  at  hand  and 
endeavor  to  explain  the  qaestion  in  the  light  of  all  the  facts. 

In  an  examination  of  these  rocks,  after  a  study  of  the  green  horn- 
blende gabbros,  one  is  struck  with  the  entire  absence  of  continuous 
borders  of  green  hornblende  around  the  pyroxene.  Inclusions  of  green 
hornblende  within  pyroxene,  similar  to  those  in  the  Iron  Hill  gabbro- 
diorites,  are,  however,  common.  These  are,  as  a  rule,  very  irregular  in 
shape  and  so  obscurely  defined  that  even  to  high  powers  no  well 
defined  limit  can  be  discovered.  Their  pleochroism  is  distinct,  whereby 
they  are  placed  in  strong  contrast  to  the  inclosing  unpleochroic  diallage. 
At  other  times  these  included  hornblende  particles  have  such  clearly- 
eat  boundaries  as  to  leave  little  doubt  of  their  primary  origin. 

Similar  instances  of  the  intergrowth  of  hornblende  with  diallage  have 
been  described  at  various  times  by  Kloos,  Streng,  Macpherson,  and 
Sohrbach,  who  have  differently  regarded  these  intergrowths  either  as 
original  or  as  secondary.  The  analytical  results  of  Rohrbach^  testify 
to  a  marked  difference  in  composition  after  separation  between  the 
pyroxene  and  the  hornblende,  and  he  is  led  to  believe  in  the  original 
character  of  both  substances.  The  studies  of  Williams'  give  somewhat 
different  results,  and  render  possible  the  existence  of  hornblende  practi- 
cally identical  in  composition  with  diallage. 

It  was  my  intention  to  make  a  similar  chemical  study  upon  some 
veiy  promising  material,  but  the  press  of  work  in  the  laboratory  of  the 
XT.  8.  Geological  Survey  at  Washington  has  hindered  the  forthcoming 
resnlts.  The  true  nature  of  the  green  hornblende  intergrowths  as  seen 
so  commonly  in  this  variety  of  gabbro-diorite  can  only  at  best  bo  con- 
jectured. Those  of  a  more  obscure  outline  are  linked  in  the  closest 
manner,  as  seen  by  a  comparative  study  of  sections,  with  those  so  com- 
mon to  the  Iron  Hill  rocks,  and  appear  to  form  such  an  indissoluble 
part  of  the  diallage  substance  as  to  scarcely  be  regarded  as  original 
crystallizations. 

I  have  spoken  of  the  absence  of  continuous  borders  around  indi- 
viduals of  pyroxene;  an  outward  alteration  is,  however,  none  the  less 
apparent.  In  some  cases  a  clearly  defined  isolated  individual  of  dial- 
lage has  one  end  replaced  by  compact,  green  hornblende.  I  was  at 
flitt  inclined  to  pass  over  these  instances  superficially,  but  as  attention 
was  more  closely  drawn  to  them  the  conviction  became  stronger  that 
these  were  cases  of  alteration  of  pyroxene  to  hornblende.  In  a  notable 
case  in  view  an  individual  about  1"^"'  by  5"""  is  shown  as  a  clearly  de- 

'Ueber  die  EraptivgeBteine  iin  Gebietf)  der  SchleHiBch-mahrisoben  Kriedeformation : 
"^bermak'fl  MiiieralogiRche  und  Potrographische  Mittheilungeii,  n.  b.,  vol.  7,  l'^, 
P.X4. 

»BbU.  U.  S.  Gool.  Survey,  No.  28, 1886,  p.  44. 
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fined  grain,  wbich,  crystal  lograpliically,  can  not  be  regardett  as  otber) 
tliao  a.  anit.  One  eoiL  of  this  particle  gives  the  color,  pleocliroism,  «tc, 
of  the  ordiuary  green  hornblende,  tliis  hornblende  snbetance  extcudiog 
also  as  a  narrow,  obscure  border  partly  around  the  grain;  the  otliec 
end  is  of  a  lighter  green  color,  totally  unpleocbroic,  gives  with  refer- 
ence to  the  cleavage  a  high  angle  of  extinction,  and  is  identical  iritli 
Uie  common  green  pyroxene  of  the  section. 

With  a  low  power  the  two  optically  different  portions  shade  indiA- 
tinctly  into  each  other;  with  the  highest  power  no  line  of  sepantinn 
can  be  discovered.  Between  crossed  nicols  the  green  hornblende  half 
giyes  uniform  extinction  where  the  color  is  deepest;  where  the  two 
partA  shade  into  each  other  and  over  the  slightly  pleochroic  bonlerof 
the  diallage,  no  extinction  occurs  in  any  position ;  but  at  a  point  where 
the  direction  of  vibration  of  the  light  makes  a  large  angle  aboDt38^ 
with  the  cleavage,  the  inner  portion  of  the  diallage  half  of  theiodi 
vidaal  extingnisbes  the  ray  and  reveals  two  irregular  ouclei  of  unal- 
tered pyroxene,  which  surround  a  light  green,  faintly  ]>leoGhroic  Bolh 
stance. 

Sometimes  individuals  which  with  ordinai'y  light  have  the  appearance 
of  the  common  diallage  show  with  the  polarizer  a  faint  pleochroism  oo 
the  outer  border.    Between  crossed  nicols  the  compact  center  citio- 
gnisbes  uniformly,  but  the  outer  faintly  pleochroic  portion  fails  in  AD)' 
position  to  extinguish  the  light.    Thus  it  seems  that  the  pyroxene 
outwardly  changes  first  into  an  optically  obscure  substance,  whieh, 
consisting  of  a  mixture  of  hornblende  and  diallage  matter,  give*  oo 
definite  optical  orientation.     Furthermore,  when  the  diallage  appean    , 
outwardly  to  be  replaced  by  compact  green  hornblende,  it  is  generallj   I 
separated  from  the  uniformly  orienting  diallage  by  an  intermediate  i 
zone  of  this  last  substance. 

The  perfectly  fresh,  compact  nature  of  all  the  green  hornblendeii 
the  strongest  proof  in  favor  ol  its  original  nature;  the  boundary  liiK< 
of  the  individual  grains  are  clear  and  well  defined,  and  have  nottliat 
ragged  form  so  characteristic  of  secondary  minerals.  This,  lioweveii 
is  in  conformity  with  the  facts  favoring  a  theory  of  paramorpbism. 
In  alt  those  cases  where  individuals  of  diallage  show  the  hornblende 
pleochroism  at  one  end  or  upon  the  border,  the  original  boundarieflof 
the  diallage  remain  intact.  This  may  be  true  of  all  paramorphic 
changes,  which,  as  we  understand,  are  merely  molecular  reftrrangt- 
meuts,  and  imply  none  of  those  disintegrating  iudueuces  which  chsr- 
acterize  pseudomorphic  alterations,  as  in  the  case  of  the  alteration  o^ 
the  hypersthene  to  green  hornblende,  where  such  a  change  requires* 
reaction  between  the  original  pyroxene  and  its  adjacent  lime-bevmE 
feldspar. 

Epidole. — A  most  important  accessory  of  this  variety  of  gabhro-dioriW 
is  the  mineral  epidote,  which  in  certain  iustances  occurs  in  snob  *" 
Ainoual:  as  nearly  to  replace  the  feldspar.    It  occurs  as  colorless  in^' 
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ddaalB,  generally  elongated  colamnnary  also  granalar,  which  have  a 
high  index  of  refraction,  as  shown  by  their  darkly  marked  relief.  As 
would  be  expected  from  the  absence  of  color  in  the  thin  section,  the 
mineral  is  entirely  nnpleochroic.  The  elongated  prisms,  as  is  usual  with 
epidote,  extinguish  the  ray  parallel  to  the  longest  development.  The 
deavage  la  most  eminent  in  the  direction  of  the  base  (0  P),  also  parallel 
to  the  orthodiagonal  (  oc  Poo ).  One  section  showed  two  directions  of 
deavage,  crossing  each  other  at  an  angle  of  115^,  over  which  the  light 
IB  eztingoished  for  rays  vibrating  nearly  parallel  to  the  vertical  cleav- 
ige,  and  at  an  angle  of  25^  with  reference  to  the  basal  cleavage  lines. 

Such  a  section  as  this  can  only  be  one  of  epidote  nearly  parallel  to 
file  clinopinacoid  (  od  P  5&  ). 

As  in  the  case  of  the  Baltimore  rocks  the  epidote  is  secondary  from 
lUdspar,  the  microscopic  pecnliarities  being  the  same  as  figured  and 
described  by  Dr.  G.  H.  Williams.  Granular  individuals  of  epidote  occur, 
in  which  cores  of  striated  feldspar  are  found,  whose  outlines  are  so 
iffegular  and  ragged  as  to  leave  little  doubt  as  to  their  relations  to  the 
surrounding  epidote.  The  secondary  nature  of  the  epidote  is  still 
Ibrther  evidenced  by  the  continuity  of  the  cleavage  lines  of  the  feldspar 
•cross  the  epidote  borders  both  above  and  below,  and  the  extension  of 
many  of  the  twinning  lamellte  with  their  marked  interference  colors  for  a 
certain  distance  beyond  the  limit  of  the  feldspar  cores,  as  determined 
with  ordinary  light.  As  shown  by  Williams,  this  alteration  of  feldspar 
to  epidote  is  most  frequent  along  the  contact  between  a  feldspar  and  a 
hornblende  individual,  the  result  of  which  is  the  corroding  of  both  sub- 
stances. A  few  slides  show  scarcely  a  grain  of  hornblende  in  its  origi- 
nally fresh  condition,  all  the  borders  being  highly  etched  and  corroded 
into  ragged  forms,  adjacent  to  whicli  is  invariably  found  the  secondary 
epidote.  This  at  once  suggests  the  idea  already  advanced  by  Williams, 
that  the  epidote  is  due  to  a  reaction  between  the  feldspar  and  the  horn- 
Uende,  in  which  the  hornblende  took  a  far  subordinate  part,  but  a  suiU- 
dent  part  to  cause  a  considerable  etching  at  points  adjacent  to  the  feld- 
spar. 

The  gabbro-diorites  and  hornblende  gneisses  (F,  p.  8)  occupy  a  narrow 
bdt  which  can  be  only  roughly  defined.  Over  the  narrow  tongue  of 
rock  which  crosses  the  Brandy  wine  at  Jeasup  and  Moore's,  colored  dark 
on  the  map,  we  have  black  schistose  rocks,  which  to  the  eye  appear 
to  consist  entirely  of  green  hornblende,  but  under  the  microscope  show 
a  hurge' amount  of  both  hypersthene  and  diallage.  Some  hand  speci- 
mens have  a  ground  mass  of  hornblende  and  plagiodase,  in  which  are 
porphyritically  developed  large  bronze-colored  crystals  of  hypersthene, 
and  a  light  green  foliated  pyroxene.  Farther  to  the  west  the  same 
rooks  outcrop  back  of  the  old  almshouse  in  Wilmington.  A  section  of 
this  rock  is  typical  of  the  class,  i.  e.,  thinly  bedded  schistose,  with  a 
sKghtly  less  amount  of  diallage  than  of  green  hornblende,  and  but  a 
teoe  of  hypersthene.    Thence,  in  a  direction  due  west^  tke^  t^^^  ^^c^wx^ 
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abuDdantly  in  the  WilniingtoQ  and  Kortbeni  RsUroail  cnttinga.  Again, 
on  botb  tbo  eastern  and  the  westerD  sides  of  Harmony  Mills  a  diallage- 
green  hornblende  rook  is  abundantly  exposed ;  tbis  rock  (.'-outaJns  i 
variable  amount  of  epidotenhicb  give  the  same  a  charaeterietic greeu- 
ish  color.  Fartber  west  again,  at  White  Clay  Creek  cbnrcb,  esposores 
of  this  same  rock  occnr,  but  with  less  pyroxene  in  proportion  to  horn- 
blende. From  here  to  Newark  and  beyond  the  continuity  of  the  rock 
is  apparent,  althoagh  the  pyroxene  seems  to  be  entirely  replaced  b; 
green  hornblende,  and  the  gabbro-diorite  becomes  a  true  horiibluade 
gneiss.  Between  Harmony  Mills  and  Iron  Hill  the  oatorops  are  all  nf 
a  greenish  massive  rock,  in  which  there  is  much  secondary  epidote. 
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As  will  be  seen  from  the  map  (PI,  I)  the  great  rock  mass  which  forma 
the  subject  of  the  present  study  is  club-shaped  in  general  outline,  viit^t 
in  its  northeastern  part  and  gradually  tapering  to  the  southwest  It 
forme  an  orographic  part  of  the  "  syeuitic  areas"  of  southeastern  PeuD- 
sylvania,  already  descrit>ed  as  regards  their  structural  habits  b.vMr. 
C.  E.  Hall.'  It  also  continues  with  more  or  less  breaks  into  Maryland, 
and  is  largely  similar  to  the  gabbro  in  the  neighborhood  of  Baltimore, 
described  by  Dr.  G.  H.  Williams.  It  will  be  seen  that  to  the  wettof 
Newark  the  gabbro  belt  tapers  quite  rapidly  and  loses  itself  between  the 
mica-schists ;  tbis,  however,  is  the  only  point  where  the  micaceous  rockl 
arc  found  u[)on  both  the  north  and  tlie  south  sides  of  the  gabbro  iimsii- 
On  the  other  hand,  for  the  main  distance,  the  plastic  clays,  of  possible 
Jurassic  age,  rest  npon  the  southern  flank  of  the  gabbro,  with  the  mioa- 
schista  either  overlying  or  dipping  below  these  rocks  on  the  north,  Tbe 
topographical  position  of  the  rocks  of  this  belt,  especially  westvardlj, 
is  such  as  in  many  cases  to  obscure  their  natural  boundaries.  Skirting 
the  slope  of  the  upland  region  of  the  State,  which  lies  north  of  the  hori- 
zontal Mesozoic  clays,  is  a  terrace  of  Quaternary  gravel,  already  de- 
scribed by  me,  *  which  rises  two  hundred  feet  or  more  above  tide,  and 
from  which  the  gravel  spreads  southward  as  a  uniform  sheet  twenty-five 
feet  in  depth.  This  gravel  deposit,  covering  as  it  does  all  older  forma- 
tions, offers  at  points  but  a  limited  opportunity  for  the  exposure  of  tlie 
rooks  of  this  belt,  consequently  in  a  few  places  the  line  can  not  be  accu- 
rately drawn.  The  northern  limit  of  this  area  from  its  western  ptHnI 
to  Newark  can  be  clearly  traced,  the  gravels  passing  below  these  roct* 
From  Newark  the  line  is  traced  close  to  White  Clay  Creek,  by  frequent 
outcrops,  to  Koseville  and  Harmony  Mills,  on  the  Philadelphia  and 
Baltimore  Railroad,  where  a  fine  exposure  of  an  epidotic  dioritfl  occurs 

'  Sucoud  Geol.  Survey  Pa.,  reporto  C  4  on  Cbester  County,  1883,  and  C  5  on  Dti*- 
waro  Connty,  1885. 
'Am-  Jour.  8oi.,  3d  wriw,  vol.  27, 1884,  p.  18l) ;  vol.  afl,  p.  36. 
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the  railroad  cat.  From  this  point  t)ie  gravels  so  cover  the  older  forma- 
ona  that  for  a  mile  or  more  no  outcrops  occur  until  Milltowu  is  reached, 
)low  which  there  is  found  a  hornblende  rock  of  this  formation.  From 
illtown  occasional  outcrops  of  a  greenish  gabbro  occur  along  the 
>per  Wilmington  road  until  at  Green  Bank  and  Kilmensie  stations 
eqnent  exposures  of  gabbro-diorite  are  found  as  minor  interstratifica- 
ons  between  mica-schists.  Green  and  brown  hornblende  rocks,  all  con- 
kining  both  of  the  pyroxene  elements,  are  found  again  a  short  distance 
t>m  the  last  place,  with  an  abrupt  turn  of  the  line  to  the  north,  upon 
ae  Lancaster  pike,  near  the  ^^  Oak  Hill "  school-house.  Then  again  the 
ontact  between  schists  and  gabbro  is  well  exposed  just  below  Greon- 
ille  station,  on  the  Wilmington  and  Northern  Railroad ;  thence  the  line 
urns  abruptly  north,  the  contact  again  occurring  at  Dupont  station, 
m  the  same  road ;  from  here  the  line  keeps  close  to  the  road  from  Dn- 
mat's  to  Rockland ;  then  it  passes  abruptly  northeastwardly,  crossing 
ihe  Concord  pike  near  William  T.  Talley's  place,  above  the  Episcopal 
diapel,  running  into  Pennsylvania,  joining  the  gabbros  of  Delaware 
Doanty,  as  delineated  by  Mr.  G.  £.  Hall  in  his  map  of  Delaware  County, 
rhe  southern  boundary  of  the  gabbro  belt  is  made  still  more  indefinite 
)y  the  covering  of  gravel.  From  the  western  end  to  Harmony  Mills 
ihe  outcrops  are  confined  to  a  narrow  belt  scarcely  more  than  a  quarter 
»f  a  mile  wide.  From  Harmony  Mills  a  neck  of  gabbro,  outlined  by 
ihe  outcrop  of  occasional  bowlders  of  a  green  massive  dialla^^e-horn- 
dende  rock,  runs  nearly  due  southwest,  counectiug  this  last  place  with 
he  Iron  Hill  mass.  The  northern  boundary  of  this  rather  obscure 
leck  cuts  the  main  road  from  Newark  to  the  hill  near  J.  W.  Evans's 
dace,  whence  it  runs  west  by  northwest  along  Christiana  Creek  to  the 
Philadelphia,  Wilmington  and  Baltimore  Railroad;  thence  it  curves 
lightly  to  the  southwest,  keeping  close  to  the  railroad,  crossing  the 
ailroad  below  Ii*on  Hill  station.  Here  it  bends  again  to  the  south,  or 
ilose  to  the  railroad,  to  a  point  just  north  of  Elkton,  where  it  curves 
around  Red  Hill,  returning  again  about  one-half  mile  south  of  the  old 
Philadelphia,  Wilmington  and  Baltimore  turnpike,  gradually  approach- 
ng  nearer  this  road  along  the  south  slope  of  Iron  Hill  and  Sandy  Bray, 
io  Oooche^s  Bridge,  where  the  line  again  becomes  the  indefinite  south 
Ine  of  the  neck  referred  to.  From  Harmony  Mills  to  beyond  the  Red 
Oiay  Creek  the  southern  limit  of  the  belt  is  mainly  outlined  by  tracing 
Dat  the  northern  boundary  of  the  Mesozoic  clays,  which  appear  in  the 
railroad  cut  back  of  Stanton  and  again  at  Newport.  Between  Newport 
uul  the  Wilmington  and  Northern  Railroad  gabbro-diorites  appear 
north  of  the  turnpike  and  beyond  the  railroad  to  the  south  of  the  turn- 
pike, where  they  run  into  Wilmington,  crossing  the  center  of  the  city, 
^^pearing  most  conspicuously  at  the  Brandy  wine  Bridge.  From  this 
point  the  line  curves  rapidly  to  the  southeast,  cutting  the  Delaware  River 
I'fiftr  Edgemoor  station.  The  thick  mantles  of  M^ozo\^  ^\i^  ^w^Xj^^xi'^^ 
^posits  probably  deeply  bury  a  portion  of  tbis  gabXito  m^^-s^^  olSfcxwi^ 


BTRATiaRAPnY. 


38  TUB  GABBBOS  OF   DEl^WABE.  I'Vu^M 

no  opportuuil.v  U>  Mtudy  its  structjinil  rulatiouKhip  od  tb«  soatb  witb> 
otlier  rocks  posuiblf  coat^iuporaueous.  That  the  ^bbro  in  boQDded  e&i 
tbe  south  by  the  oame  laica-scbiats  which  occur  to  the  Durth  cau  oalf 
be  iuferrei)  from  analogy.  We  know  that  to  t^e  west  of  Newark  tbt 
schists  f)o  occDr  both  north  and  soatb  of  the  gabbro  belt,  this  eipot- 
are  being  due  fo  the  fact  that  beyond  Newark  the  northern  limit  of  Ibc 
Mesosoic  bends  abruptly  to  the  south,  briugiog  the  micaceous  nxilu 
nearer  the  surfHut*.  Furthermoi'e  it  must  be  noticed  that  a  number  at 
leu  tic  ular  bodies  of  gabbro-diorite  have  been  found  along  the  nortb«nr, 
border  of  the  main  b(tlt  kb  included  masses,  rather  than  iDdejieDdes^ 
formationB,  and  thus  there  is  reason  to  believe  that  the  main  gabtuiK 

■  body  bears  a  similar  relationship  to  the  great  formation  of  micaceotf 

Uteka. 

r  We  have  learned  from  a  study  of  the  various  rock  species  and  varie- 
•.(ies  that  they  may  be  divided  into  two  claHses  from  a  utractural  point 
'  of  view — the  massive  jiabbros  and  the  more  or  lews  schistose  gabbro- 
diorites  and  hornblende  gneisses.  The  portion  more  deeply  colored 
upon  the  map  is  covered  by  a  rock  generally  highly  schiatose,  auil  noo- 
taining  a  large  amonnt  of  hornblende  witb  a  subordinate  qunutilvV  (i( 
pyroxene,  while  the  lighter  portion  is  covered  by  the  various  varietlw 
of  massive  gabbros,  noritcs,  and  gabbro-granites.  The  boundary 
betweeu  the  two  is  of  necessity  general  and  somewhat  arbitrary, 
these  two  ;iroas  sliinii^  into  i\icli  otliiT  quite  iiidistiuctly. 

In  this  connection  it  must  be  understood  that  when  one  portion  ia 
spoken  of  as  covered  by  schistose  and  the  other  as  covered  by  massive 
rocks,  reference  is  had  only  to  their  dominant  features ;  in  tmth, « 
often  find  over  the  former  area  rocks  perfectly  massive  including  tiiu 
gabbros,  and  in  the  latter  area  the  local  developnR'ut  of  inori!  or  less 
schistose  hornblende  rocks.  To  demonstrate  that  the  rocks  of  ibeM 
-'  structurally  distinct  regions  are  genetically  one  has  been  the  aim  of 
former  petrographical  work,  while,  at  the  same  tinu',  these  resalt^  an 
confirmed  in  the  field  by  a  study  of  the  contact  bi^tweeu  the  rocks  of 
the  two  areas  at  the  excellent  Brandy  wine  exposures,  where  thera>< 
revealed  a  most  gradual  passage  of  massive  gabbro  into  black  schis- 
tose gabbro-diorite,  instead  of  a  strati  graphical  break  as  might  be 
looked  for.  So  true  is  this,  that  it  is  impossible  to  defiuc  where  oo^ 
begins  and  the  other  endn.  Therefore,  as  has  been  repeatedly  urgei 
we  can  not  regard  the  foliated  horoblende  rocks  as  metamorphosed  saii- 
ments  and  the  massive  gabbro  as  a  body  of  intruded  ^'  trap "  of  latw 
origin,  but  that  tbe  whole  formation  belongs  to  an  imiK>rtant  class  o^ 
altered  eruptive  rocks,  so  prominently  brought  to  our  notice  of  late, is 
far  more  probable. 

In  the  region  covered  by  the  hornblende  rocks  both  strike  aaddiP 
can  be  made  out  with  cousWetaUe  atxvita.ti's .  The  latter,  fton  f* 
extreme  western  point  of  thebe\tto  on6iie.M"^*'^''iiiA*^Jtt'0Q&wi^ 
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»t  at  high  angles.  From  Mill  town  onward  the  dip  has  been  reversed 
» the  northwest,  the  mica-scbists  in  this  case  overlying  the  hornblende 
leks  and  massive  gabbros.  The  strike  varies,  but  is  generally  within 
le  limits  of  N.  40^  to  N.  &P  E.  In  Delaware  there  is' apparent  cou- 
»rmity  between  the  hornblende  rocks  and  the  mica-schists  to  the 
!>ith.  At  Newark  the  hornblende  gneiss  dips  with  regnlar  bedding  to 
16  south,  the  mica-schists  pitching  conformably  beneath  them;  the 
rike  for  both  is  N.  56^  to  60o  E.,  dip  50o  s.  To  the  west  of  Newark 
le  tongae  of  gneiss  bears  around  slightly  to  the  northwest,  in  con- 
vrmity  to  which  the  inclosing  mica  schists  have  an  average  strike  of 
[.  5(P  W.  On  both  sides  of  the  tongue  the  mica  schists  dip  to  the 
outh,  conformably  inclosing  the  hornblende  rocks.  At  Boseville  the 
ontact  between  the  hornblende  rock  and  the  mica  schist  is  not  a  dis- 
inct  one  as  at  Newark,  but  is  marked  by  the  occurrence  of  minor  iuter- 
tratiflcations  of  gneiss  with  schist  The  same  evident  fusion  of  these 
iWo  formations  into  each  other  occurs,  as  already  pointed  out,  at  Kie- 
nensie  station  and  at  Brandywine  Springs.  Along  the  Wilmington 
md  Northern  Railroad,  between  Dupont  and  Adams  stations,  near 
Beury  Dnpont^s  place,  the  mica- schists  strike  N.  50^  E.,  dip  55^  N., 
mi  are  deeply  exposed  in  the  cut.  A  short  distance  farther  south  is 
mother  fine  exposure  of  the  black  hornblende  rocks,  which  strike  N. 
Qo  E.,  dip  4(P  N.  Considering  the  great  variability  in  the  position  of 
•hese  rocks  within  very  narrow  limits,  equally  noticeable  at  this  point, 
t  is  not  at  all  probable  that  here  any  unconformity  can  be  said  to  exist, 
lotwiihstanding  that  the  actual  contact  of  the  two  formations  is  not 
isible.  Farther  north,  at  Jessup  &  Moore's  paper-mill,  no  evidence 
if  unconformity  can  be  discovered;  on  the  other  hand,  the  positions  of 
lie  rockjs  of  both  formations  are  the  same. 

I  have  looked  carefully  for  any  other  evidence  of  bedding  except  that 
i(Hncident  with  the  cleavage,  bat  have  found  none.  The  so-called  '<  bot- 
oms  "*  in  Delaware  County,  Pa.,  described  by  Mr.  C.  E.  Hall,  could  not 
listinctly  be  made  out  in  Delaware.  Planes  which  might  be  taken  for 
hese  were  irregular  and  not  continuous,  and  correspond  more  to  joints 
ban  to  planes  of  bedding.  The  unconformity  discovered  by  Mr.  Hall  in 
Maware  County  between  the  'Hrappean"  rocks  and  the  mica  schists 
I&6  not  the  same  chronological  bearing,  should  we  regard  the  gabbros 
ind  their  associated  hornblende  rocks  as  intruded  masses.  Possibly, 
igain,  these  so-called  <* bottoms,''  as  Mr.  Hall  has  suggested,^  may  exist, 
)Qt  so  obscurely  defined  as  to  be  unrecognizable,  in  which  event  all 
'hat  we  have  said  regarding  an  apparent  conformity  must  be  changed, 
md  our  gabbros  and  gabbro-diorites  must  bear  the  same  structural 
elation  to  the  mica-schists  that  Mr.  Hall  claims  they  have  in  Pennsyl- 


*  These  "bottoms"  are  bedding  planes,  which  cut  across  the  cleavage  of  the  mica- 
i^hiitsy  and  oonsequently  have  a  much  lower  angle  of  dip  than  that  indicutod  by  the 
dea?age. 

*S6ooDd  OeoJogicAl  Survey,  Pa,,  report  1835,  Cliap.  5,Paxtl,^.^. 
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vauiii,  eveu  to  the  bortlurtt  ut' Delaware.  But,  liowovertbisniuy  b«,lb» 
real  natare  of  the  gabbroa  and  their  associated  rocks,  iirespectire  of 
chroDological  position,  is  uot  affect«^d,  aud  as  uo  attempt  is  liere  mii^ 
to  det«rniiDe  tlie  last  poiut,  tbe  facts  bearing  upoa  it  have  oo  specjll 
relatioo  to  tlie  aim  of  our  iDvestigatioii. 

It  mast  be  noted,  however,  that  if  we  cousider  tbe  tme  plaoes  of 
beddiug  of  tbe  mica  Bcbista  to  lie  nearly  horizontal,  then  the  tbia  oal- 
lying  leuticular  masses  of  gabbro-diorite  at  Eiemeosie  and  at  Brandy- 
wine  Springs,  which  are  apparently  iiiterbedded  with  niicaceoQs  rocl^ 
must  be  regarded  more  strongly  than  ever  as  intimled  bodies,  cnttinj 
across  the  stratification.  That  these  rocks  are  of  this  character  the 
author  is  strongly  iuclioed  to  beliere. 

The  gabbros  are  devoid  of  all  stratigraphical  form,  and  it  is  only  tbi 
development  of  local  massesof  hornblende  gabbro,  or  the  appearaoee  u[ 
an  obacnre  foliation  in  occasional  cases  that  enables  us  to  lUscern  anjr- 
thing  substantial.  Everything  learned  from  a  study  of  the  extensiTli 
quarries  of  blueatoue  aloug  the  Brandywine  points  to  the  conclasioH 
that  the  rock  before  ns  is  as  truly  eruptive  as  any  ancient  trap  wbOM 
origin  is  indisputable.  liiige  joiutage  planes  cut  the  rock  into  ma8«ive 
columns  with  rhombic  cross-section.  Thesecontinuedowuwardstbigb 
angles  indefinitely  with  persistent  regularity,  except  when  broken  oS 
by  irregular  cracks  which,  independent  of  the  regular  direction  of  Ha 
jointage  planes,  cut  up  the  rock  into  massive  pieces  of  van'ons  sizeaand 
shapes.  The  jointage  planes  include  two  parallel  sets — those  nuifiiii{r 
normal  to  the  direction  of  pressure  aud  nearly  parallel  to  the  asis  of 
the  mass,  and  those  whose  north  ends  bear  a  little  to  the  left  of  line* 
perpendicular  to  the  first  set. 

THE   OBiara    AND    OSTfETIO    BBLAIIONSniP    OF    TBB    QABBBOS  iXD 
TBEIB  ASSOCIATED  HOBNBLENBE  BOOKS. 

Regarding  the  origin  of  the  Delaware  gabbros,  two  theories  migM 
be  advanced — that  which  would  regard  them  as  highly  metamorphosed 
sediments,  and  that  which  would  consider  them  as  metamorphosed 
eruptive  rocks. 

In  considering  the  former  view  but  little  need  be  said.  The  opiniM 
which  has  been  advanced  that  the  gabbros,  variously  called  "syenites* 
and  "diorites,"  wore  bnt  the  so-called  metamorphoic  homblewie 
gneisses  more  highly  metamorphosed,  is,  I  believe,  entirely  irrel^ 
vant.  Such  a  change  as  this  would  iuvolve  tbe  alteration  of  horn- 
blende into  pyroxene,  an  idea  which  i»robably  never  would  have  been 
advanced  had  the  real  nature  of  these  massive  rocks  been  undershxi'i' 
Pyroxene  we  arc  taught  to  regard  aa  a  product  of  direct  igneous  fuaioDi 
the  hornblende  arrangement  of  the  molecules  beiug  more  in  accofd 
with  the  conditions  of  ordinary  metamorphic  action ;  hence  it  is  qo** 
tionable  whether,  in  any  case,  tbe  taoit  aAvaaiMA  %\a.^«a  of  ordinwy 
metamorphiG  action  conVd.  evet  vesaXt  'vvi  Ui«s  X.Ta.w'sXOTia'aKvQ'h  <A'^«TO' 
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lende  into  pyrozenoi  or  of  a  hornblende  rock  into  a  gabbro.  On  the 
tor  hand,  we  have  had  of  late  abundant  and  reliable  instances 
here  the  alteration  of  pyroxene  has  occnrred.  The  recent  results 
tm  a  large  body  of  workers  on  both  sides  of  the  Atlantic,  all  go  to 
cpbin  the  oocnrrenoe  of  schistose  hornblende  rocks  in  these  instances 
)  paramorpbic  or  pseadomorphic  changes  affecting  an  original  gabbix). 
^▼er  file  Ddaware  area  the  intimate  association  of  pyroxene  and  horn- 
iende  rooks  meets  with  an  easy  explanation  from  the  facts  set  forth  in 
revioas  pages,  and  the  genetic  unity  of  the  two  has  been  thoroughly 
Bvealed« 

In  the  brown  hornblende  gabbro-diorites,  which  structurally  pos- 
688  all  the  characters  of  hornblende  gneisses,  we  see  this  genetic  unity 
dmirably  displayed  in  the  gradual  passage  from  massive  to  highly 
ohistose  formsi  even  a  field  study,  without  the  use  of  a  thin  section, 
mbling  as  to  trace  forms  which  show  all  grades  of  semi-foliation,  and 
rhich  to  the  unaided,  eye  show  much  hornblende  in  addition  to  pyrox- 
ne.  In  the  Iron  Hill  gabbros  we  have  seen  the  clear  passage  into  dio- 
itie  forms  through  a  two-fold  alteration  of  hypersthene  into  uralite, 
nd  of  monoclinic  pyroxene  into  hornblende  of  the  compact  variety.  In 
be  Wilmington  and  the  Harmony  Mill  green  hornblende  rocks  an  ab- 
olate  proof  of  the  origin  of  the  hornblende  from  the  green  pyroxene  is, 
8  we  have  seen,  impossible  at  this  date ;  their  genetic  unity  with  the 
Qbbros,  however,  is  none  the  less  evident  from  an  equally  gradual 
ransformation  fh>m  massive  to  schistose  forms. 
While  it  would  be  unwarrantable  to  make  any  detailed  statement  as 
Dthe  exact  origin  of  the  Delaware  gabbros,  it  is  at  least  evident  that 
bey  were  at  one  time  in  a  more  or  less  molten  state.  This  is  particn- 
vdj  evinced  by  the  occurrence  within  the  quartz  and  the  feldspar  of 
rliat  appear  to  be  gas  pores  and  glassy  particles,  and  from  the  caustic 
etion  which  a  few  of  the  earliest-formed  minerals  have  suffered  under 
he  influence  of  none  other  than  a  molten  liquid.^  Thus  we  believe 
onelveB  warranted  in  the  assumption  that  all  the  rocks  included  in 
he  scope  of  this  paper  were  at  one  time  molten,  whether  we  regard  this 
rigmal  magma  as  one  truly  gabbro  in  its  nature  or  strongly  dioritic 
hnmgh  the  presence  of  original  hornblende.  Supposing,  then,  the  mat- 
Bir  entering  into  these  schistose-hornblende  rocks  to  have  been  at  one 
ime  molten,  i.  e.,  a  true  dioritic  magma,  the  structural  habit  which 
iiey  show  we  must  regard  as  the  result  of  some  external  secondary  in- 
Inenoe.  This  influence  many  geologists  in  like  cases  of  late  have  at- 
libnted  to  j>ressnre.  That  a  powerful  pressure  affected  the  whole  gab- 
^  body  is  shown  in  many  instances.  In  thin  sections  of  the  schistose 
^bro-diorites  and  hornblende  gneisses,  which  lie  transverse  to  the 
^bne  of  foliation,  the  effect  of  pressure  is  seen  in  a  flattening  and  an 
togation  of  both  pyroxene  and  hornblende  individuals^  produclu^  ^ 
rtmotnre  similar  to  the  so-called  "flasaer  bItucIut^^  ot  XSicl^  Qt^x\si'aj^ 


'See  obaervatiouB  on  apatite  crystal,  op.  q\\k)P.  '^-^^ 
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potrograiihers,  Tliiu  sectious  cut  iu  tlinse  directions  sliow  »  ileGuiK 
arraugenieiit  of  tbv  bisiliuates,  wliicb  a{>i>e)ir  as  eloogated  partidtf 
whose  greater  axes  are  comtiioalj'  six  times  tbe  leiigtii  of  the  eborWr, 
these  greater  axes  Ijing  parallel  to  the  plaues  of  foliation,  aud  atri^ht 
angles  to  the  dtreetioaH  of  prepare.  Not  001}*  have  tbese  iodividuall 
been  pressexl  into  flattened  and  elongated  forms,  but  ia  some  cases  tbef 
appear  bent,  as  shown  by  the  curxed  positions  of  the  clenvage  lines 
and  disturbances  iu  the  optical  symmetry  of  tbe  substance. 

Quarts,  wherever  It  oceurs,  commonly  shows  fracture— a  margiaai 
crushing — and  sometimes  an  entire  destruction,  while  the  smalMr, 
grains  of  feldspar  wedged  iu  between  the  rigid  quartz  grannies  abo* 
also  the  results  of  mechanical  action  in  crushing  phenomena,  lliattbt 
pressure  which,  as  I  believe,  has  resulted  in  the  structural  ohangs 
above  mentioned,  must  have  affected  the  whole  gabbro  mass,  is  shots 
by  the  occurrence  within  i>erfectly  massive  rocks  of  those  highly  Bcbi» 
lose.  The  schistose  forms  of  onr  gabbro  derivatives  may  be  groopd 
under  two  headn:  First,  including  those  varieties  of  gabbro-graiiiU 
which  contain  a  considerable  amount  of  mica;  and  second,  nearly  all 
those  rocks  which  contain  a  notable  amount  of  hornblende,  original 
or  secondary,  the  degree  of  foliation  bearing  a  direct  ratio  to  till 
amount  of  hornblende. 

It  is  a  familiar  fact  that  many  tmly  eruptive  granites  merge  into 
granitoid  gneisses  and  into  true  gneisses  by  an  increase  of  mica,tllB 
result  of  a  normal  variation.  Exactly  the  same  thing  is  observed  In 
the  study  of  the  gabbro-granites,  tbese  rocks  showing  all  <iegrees  of 
semi-foliation.  At  Bcllevue  the  prevailing  rock  ia  a  coarse  gabbro- 
granite  containing  about  au  equal  mixture  of  hypersthene  and  mica. 
This  rock  is  upon  the  whole  quite  "massive,  Imt  shows  iu  the  qnarry 
walls  a  continual  tendency  towards  semi-foliation  throngb  increase  of 
biotite  with  probably  accompanying  pressure.  With  it  is  associated  a 
jet-black  rock  thiuly  bedded  and  highly  schistose,  which  to  genera' 
appearance  seems  to  have  no  relationship  with  the  former.  A  tbio 
section,  however,  shows  that  this  rock  owes  its  black  color  to  a  large 
development  of  hyi)eratheue  and  biotite,  and  its  schistose  structure  tt 
the  relatively  inrger  amount  of  biotite  as  contrasted  with  the  highlf 
qnartzose  and  feldspathic  rocks  which  snrround  them.  That  tbew 
massive  rocks  have  been  subjected  to  great  pressure  is  shown  by  nifr 
chauical  deformations  in  a  crushing  of  the  quartz  and  in  an  oc^ 
sional  bending  of  the  mica  lamina.  We  must  recognize,  then,  that  ths 
reason  wby  the  more  highly  micaceous  rocks  are  more  strongly  foiiatw 
ia  not  alone  one  of  diflerence  of  composition,  but  becanse  a  gi'*" 
pressure  was  more  capable  of  producing  a  structural  change  in  n>cfc» 
of  this  character  than  in  the  more  quartzose  and  feldspathic  forms 
associated  with  them. 

Tiie  intimate  nasociatioQ  of  sc\i»*tesfi  Womblende  rock  with  massif* 
gabbro  is  aiimirably  reveaWV  m  lAie  fiio.\\v\-smvie,  wiiSAiiii  wtiwiswi* 


1  EFFECTS   OF   PRESSURE. 

oore^s  paper-mill.  A  refei*ence  to  the  map  will  show  a  tapering  of  t 
]ea  of  schiBtose  hornblende  rocks  rnnning  out  into  a  tongue  as 
OQses  the  Brandywine.  In  the  railroad  cut  below  the  paper-mill 
lezpoBore  of  highly  schistose  thinly  bedded  green  hornblende  gabb] 
orit^  (Fy  p.  8),  which  upon  either  side  gradually  shades  into  a  grayi 
srfeoUy  massive  gabbro  without  the  least  sign  of  any  distinct  line 
iparation  between  the  two  structurally  different  rocks.  That  the 
fo  structurally  distinct  rocks  are  genetically  one  is  conclusively  sho^ 
f  an  examination  of  a  number  of  thin  sections  of  each.  How,  the 
re  we  to  account  for  a  schistose  mass  wedged  between  perfect 
laasive  rocks  f  Not  from  an  effective  pressure  in  one  case  and 
bsence  in  another,  but  rather,  as  we  can  well  see,  because  of  the  d 
srent  effects  which  a  given  pressure  will  have  upon  rocks  of  differe 
linendogical  characters.  It  is  not  that  pressure  has  not  affected  o 
lighly  feldspathic  and  quartzose  norites,  but  that  pressure  in  the 
ases  has  been  inedective  in  producing  a  structural  change — such  roc 
s  these  showing  a  crushing  rather  than  a  flattening  of  the  mine] 
OQstituents.  It  would  be  difiicult  to  prove  conclusively  whether  t 
tressure  which  has  resulted  in  the  foliation  of  these  rocks  acted  previo 
rsabsequent  to  the  consolidation.  Writing  of  the  Lizard  gabbros 
^en  Yoose,  near  Landewednack,^  J.  J.  H.  Teall  finds  that  in  those  plac 
rhere  the  foliation  is  most  eminently  developed  he  sees  exhibitions 
mfoand  earth  movements ;  and  such  seems  to  be  the  view  of  Loss 
Ad  Lehmann,  who  consider  these  changes  the  result  of  great  orograpl 
IT  mountain-making  influences,  such  as  have  affected  consolidated  roc 
i  all  formations.  The  reverse  dip  in  the  eastern  and  in  the  weste 
ttrts  of  the  gabbro  area,  together  with  the  twisted  and  contorted  a 
litioQ  of  the  more  highly  foliated  rocks  in  places,  is  proof  that  th 
lave  suffered  the  effects  of  orographic  forces  since  consolidation. 
The  relation  between  pressure  or  foliation  and  paramorphic  chan^ 
snot  what  would  be  looked  for.  Those  hornblende  rocks  which  show  t 
oliation  habit  eminently  developed,  i.  e.,  those  which  cover  the  darl 
ihaded  area  on  the  map,  exclusive  of  the  Iron  Hill  body,  are  the  ve 
^nes  in  which  we  find  an  original  brown  hornblende  or  a  green  hoi 
)l6nde  whose  secondary  nature  can  not  be  definitely  established.  T 
lion  Hill  gabbrodiorites,  in  which  the  derivative  nature  of  the  hoi 
>tende  is  alone  clear,  show  invariably  a  massive  character.  Many  tt 
lections  before  the  writer  are  taken  from  rocks  strongly  foliated,  I 
rith  the  hypersthene  and  diallage  which  they  contain  perfectly  fre 
utd  the  brown  hornblende  apparently  original.  Such  facts  as  th< 
ndicate  thiil;  pressure  is  not  in  all  ciises  sufScient  to  produce  paramorp 
^Qges,  even  though  this  pressure  be  great  enough  to  cause  structu 
iteration ;  and  again  that  paramorphism  may  be  eminently  revea 
vhere  we  have  no  evidence  of  the  action  of  these  mountain-buildi 
orees. 


'Tbemetamorpboaia  of  the  Lizard  Gabbros,  J.  J.  U.  TeaW,  0<io\.^'a.%M  ^^^ 
^  4  London,  1886,  p.  488, 
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PREFACE. 


The  present  bnlletin,  like  its  predecessors  numbered  9,  27,  42,  ai 
55,  contaius  the  results  of  work  completed  in  the  Division  of  ChiMiiist] 
and  Physics  daring  one  fiscal  ye^ir.  Tart  of  the  investigations  r 
l>orted  were  began  in  previous  years ;  and  other  researches  which  a 
now  under  way  are  reserved  for  future  publication.  Still  other  woi 
has  appeared,  or  will  appear,  in  separate  bulletins ;  so  that  this  issi 
represents  only  a  part  of  the  results  obtained  during  the  year  which 
covers. 

F.  W.  Clarke, 

Chief  Chemist. 
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ORK  DONE  IN  THE  DIVISION  OF  CHEMISTRY  AND 

PHYSICS  IN  1887-88. 


THE  CHEMICAL  STRUCTURE  OP  THE  NATURAL  SILICATES. 


By  F,  W.  CLA.BKB. 


n  any  attempt  to  discass  the  chemical  stractare  of  the  inorganic  sil- 
tes  we  are  met  at  the  outset  by  difficalties  which  are  partly  real 
1  partly  imaginary.  On  the  one  band  we  have  to  deal  entirely  with 
i-volatiie  solids,  of  which,  because  of  their  fixedness,  we  can  not  cer- 
tify ascertain  the  true  molecular  weights.  They  are,  furthermore, 
oluble  and,  chemically  speaking,  non-plastic;  that  is,  they  yield  but 
bbornly  to  reagents,  so  that  the  changes  of  which  they  are  structur- 
f  capable  can  rarely  be  studied  in  the  laboratory.  These  difficulties 
very  real.  On  the  other  hand,  most  of  the  definite  silicates  are 
ural  minerals,  and  as  such  are  commonly  supposed  to  have  a  bewil- 
ing  complexity  of  constitution.  This  difficulty  is  only  apparent,  not 
1,  and  is  due  to  several  causes.  First,  few  mineral  species  occur  in 
^te  of  even  approximate  chemical  purity ;  and  secondly,  many  of 
m,  being  isomorphous,  crystallize  together  to  form  seemingly  homo- 
leous  bodies  to  which  rational  formuhe  can  hardly  be  assigned, 
purities,  indefinite  crystalline  mixtures,  and  defective  analyses  ac- 
nt  for  many  apparent  complications.  Eliminate  from  any  group  of 
•ural  silicates  these  disturbing  conditions,  and  we  shall  find  in  every 
e  a  simplicity  of  composition  far  removed  from  the  complexity  which 
Popularly  assumed.  Even  on  theoretical  grounds  we  should  expect 
I plicity  of  structure.  The  mineral  silicates  are,  as  a  rule,  exceed- 
ly  stable  compounds,  while  complex  molecules  are  relatively  un- 
ble.  They  are  formed  in  nature  under  conditions  of  high  temper- 
re,  or  are  dei)08ited  from  solutions  in  which  many  reactions  are 
lultaneously  possible:  circumstances  that  are  strongly  adverse  to 
T  great  complications  of  structure.  Finall^^  they  are  quite  limited  in 
tuber,  only  a  few  hundred  at  most  being  known;  whereas,  if  com- 
xity  were  the  rule  among  them,  slight  variations  in  orl^m  ^o\3l\A.  v^<^- 
ae  great  variatiofl^  in  character  and  mUUoua  ot  i\\^<ex^\iXi  voSx^^^^^^ 


WASHINGTON    LAIIOBATORY.  [i;uij.M 

"would  Ijo  ;;eiierat«d.  That  few  subNtitiitiona  oucur  is  prmumptivo  evi- 
<>dence  thut  only  fow  are  ponsllili^,  anil  hence  siiaplioity  of  con»tit iilioD 
■^  to  be  iut'errud.  Iii  fact,  we  tiud  the  same  sdiuII  range  of  miueral  spe- 
ies  occurring  under  the  Sinue  iissociiitionij  iu  tliousands  of  widely  sep- 
[Aritttid  lociilitics,  a  few  typioal  forms  containing  »  few  of  the  coai- 
]ft]Oiicst  metnls  being  almost  iitiiversally  dUtribnted.  The  longer  tia 
[evidence  is  consideretl  the  more  overwhelming  the  argument  for  sibk 
silicate  structures  becomes,  i 

Suppose  now  that  for  any  given  silicate  the  empirical  compositioD < 
lias  been  ascertained,  how  can  its  chemical  structure  be  deteniiinedl ' 
iWe  can  not  measure  itJ^  vapor  density  and  so  deduce  its  molecalHr 
iffeigbt  i  but  the  problem  is  not  therefore  necessarily  hopeless.  Several 
.linos  of  available  evidence  are  open.  In  some  cases  the  compound  may 
>be  synthetically  reproduced  in  the  laboratory,  a  kind  of  mineralogical 
ilDvostigation  in  which  rapid  progress  is  now  being  made.  Again,  tb« 
constant  ivssociation  of  the  species  with  certain  others  sheds  light  upon 
its  genesis,  and  still  oft«ner  its  alterations  in  natnre  furnish  imjmrUat 
>detailB.  An  alteration  product,  despised  by  the  crystallograplier,  is 
hjeally  a  record  of  chemical  change,  and  such  products  may  be  of  (ht 
iliighest  scientific  interest.  In  a  few  rose.krches  thoy  have  beoa  piffj 
>diieed  artificioUy  by  reactions  which  were  prolonged  for  montfaa  atr 
time,  and  so  a  mass  of  uvideuoe  is  slowly  aecumulatlug,  strictly  analo 
kgons  iu  kind  to  that  which  the  organic  chemist  chioQy  depends  upnii  fof 
mecortaining  the  structure  of  a  hydrocarbon.  AD  these  linos  of  eri- 
denoe  are  legitimate,  and  all  converge  towards  truly  scientific  cmicln- 
sious.  We  know  that  certain  silicates  origiiiiited  together,  and  tliat 
each  alters  in  certain  detlnite  ways ;  and  from  these  facts  we  may  dra* 
l>erfectly  fair  inferences  as  to  chemical  structure  and  deduce  rational 
formulie  which  shall  give  fuller  expression  to  our  knowledge,  Theevi- 
deuce  for  such  formulse  is  less  perfect  than  that  aC  the  command  of  tliB 
carbon  chemist,  but  it  is  none  the  loss  substantial  so  far  as  it  goes.  It 
is,  furthermore,  cunmlative, 

Al>out  three  years  ago,  while  I  was  working  tentatively  at  the  proli- 
lem  now  under  discussion,  1  received  for  examination  certain  Bi>eeiiiiciia 
of  topaz  which  were  deeply  altered  upon  their  surfaces.  Upon  investiga- 
tion the  alteration  product  proved  to  be  a  variety  of  muscovite,  and  » 
study  of  theempiricalformuliB  of  the  two  minerals  revealed  an  unexpected 
relation  between  them.  Further  study  brought  out  more  extended  rela- 
tions  connecting  theru  with  several  other  silicates,  and  by  a  natural  series 
of  steps  I  was  led  to  adopt  as  a  working  hypothesis  the  supposition  tbaC 
double  salts  might  be  regarded  as  substitation  derivatives  of  normal 
salts.  This  hypothesis,  since  then  steadily  applied  to  the  discussion  of 
the  silicates,  appears  to  be  supported  by  a  weighty  mass  of  evidenoe, 
and  it  lea<ls  to  the  development  of  a  sories  of  strnctnral  formnlio  wbieb 
Satisfy  many  conditions.  They  express  and  interpret  known  relation*, 
Iea4  to  the  Jetection  of  others,  ani  VQ"^^  "^^^  ?.u%¥,e».\.w%  Mid  proBtaUe 
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lines  of  research.  By  these  tests  any  hypothesis  must  stand  or  full, 
and  one  which,  meeting  them  snccessfally,  has  at  the  same  time  philo- 
sophical significance,  may  be  fairly  looked  npon  as  valid.     . 

That  the  great  majority  of  the  natnral  silicates  are  doable  salts  need 
hardly  be  stated,  and  that  a  very  great  number  of  them  contain  aliimi- 
Qum  is  also  a  commonplace  of  chemistry.  Of  the  latter  some  are  ortho- 
iQicates,  and  some  are  meta-componnds;  and  the  problem  is  to  show 
iioweach  series  maybe  derived  from  its  corresponding  normal  salt. 
Is  the  orthosiiicates  are  the  most  important,  we  may  begin  with  their 
consideration.  They  represent  the  maximum  of  complication  and  offer 
;he  greatest  difficulties. 

Fortanately,  the  orthosilicate  of  aluminum  Al4(Si04)3,  occurs  in  na- 
ore  as  the  mineral  xenolite.  This  species,  which  is  now  well  estab- 
ished,  was  long  thought  to  be  an  impure  variety  of  fibrolite,  AljSiOs  -, 
kuA  in  their  optical  properties  the  two  are  apparently  identical.  Fibre- 
ite  bears  the  closest  of  relations  to  its  isomer,  andalusite ;  and  to  the 
atter,  topaz,  Al3Si04Fs,  is  crystallographically  akin.  Topaz,  as  I  have 
ilready  stated,  alters  into  muscovite,  Al3KH2(Si04)3;  and  so  also  does 
laciyptite,  AlLiSi04.  To  these  compounds  we  may  add  paragon  ite, 
rhioh  is  merely  a  sodium  mica,  and  we  have  at  least  six  silicates,  in- 
Inding  the  normal  salt,  which  are  all  evidently  related  to  each  other. 
Hiat  their  empirical  formula)  show  little  or  no  connection  is  due  to  the 
act  that  they  do  not  represent  true  molecular  weights,  and  on  this 
Knnt  oar  fundamental  hypothesis  gives  us  a  key  to  the  problem.  If 
re  triple  the  formulae  given  for  fibrolite,  topaz,  and  encryptite,  the 
tabstitation  theory  which  I  have  suggested  at  once  becomes  applicable, 
indthe  derivation  of  all  the  others  from  xenolite  is  easy.  The  follow- 
ng  structures  will  make  this  concei)tion  clear : 


8104 1^  Al 

Al-8i04  Z  Al 

8i04  E  Al 
Xenolite. 


8i04  =^  ( A10)3 
Al— SiO^   -Al 

SiO^  -  Al 

FibroUte. 


8i04  =  (AlF,)j 

Al— 8i04  .:  Al 

Si04-Al 
Topas. 


8104  EKH, 

/ 
Al  — 8i04EAl 

Si04  -~  Al 
Muscovite. 


Si04  =  NaHi 

/ 
Al  — Si04~-Al 

Si04  ~  Al 
Para;!onite. 


Si04-^Li3 
/ 

Al— si04  :ai 

Si04  =  Al 
Eucryptite. 


In  the  second  of  these  formuhB  the  univalent  group  —  Al  =  O  is  as- 
sumed, and  in  the  third  we  have  the  corresponding  group  — Al  =  F2. 
[  think  no  chemist  will  regard  these  assumptions  iis  strained. 

Now  the  foregoing  symbols  all  represent  a  series  of  salts  derived 
lorn  the  first  one  by  various  substitutions  of  a  8\\ig\^  «\\x\xi\\v\VKi  ^Vwsv, 
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But  rurtlior  re|ilace[ii<.>nlH  nrn  Mifort'titMtll.v  iioKiiiblt',  ii 
miuttraU  seeui  U>  illustmte  ttioiu : 


K 


Al-8iO.-:z(A10), 


Al— BiO.HCaH 
SiO.:  Al 

Pmhnlln. 


Al-SiO,f 

SiO,  -  Al 
QnmularJta. 

SiO.      KM, 
Al  — SiO.      N»H, 


Duiuorti elite,  wliiuli  bus  fjeeu  little  studied,  iii>[>oar8  f)  be  ri>Iiit«d  to 
Ubroliu,  ami  the  formulie  exhibit  a  relatiiiu.  GrosKularit^,  tb«  lime 
alamina  i^aruet,  is  a  commoa  associate  ut'  tuuHcovite,  a  liict  wUiuli  luixla 
verisiinilitDile  to  the  foruiiilif.  given  above.  The  other  twu  fonuii1)e 
repreiseut  the  kuown  cum[>o»itioii  of  prehiiite  and  uiitrolitc,  but  nrlii>tli«r 
they  indicate  auy  dMi>er  i-ulatioos  ia  not  yet  proveu.  Tliuy  ila,  honrct  ur, 
suggest  lines  of  investigiitinu,  and  so  far  fullill  a  usuful  [lurpoM.  U 
they  are  true,  prehnit«  should  be  durivabtu  from  giu-iit>t,  and  ^uet 
and  muecovite  ought  to  be  mutually  di-i-ivuble  from  eauh  otliur,  Thai 
garnets  do  alt«[  into  micas  is  ulieady  well  knuwu,  although  the  exact 
obaracter  of  the  uhange  is  undetermiueil,  and  the  micas  iuvolvod  iu  Uri 
reaction  appear  to  bo  morti  complex  than  museovite. 

llotaniing  now  to  fibrolite,  wli  liud  that  it  'w,  -a  lujiierat  which  is  iial'le 
to  alter  througji  a  process  of  hydration.  Some  of  its  altciHtiou  prod- 
ucts have  been  described  as  Bpecieis,  notably  nmlw  the  uamus  worlliile 
and  westanite,  the  latter  boiug  apparently  thf  final  product.  Certain 
other  species  of  tho  same  group  fre(juently  undergo  a  Hort  of  degrailu- 
tion  iat<(  clays,  which,  unfortunately,  are  often  too  impure  to  admit  of 
precise  formulation.  Still,  of  the  several  clayK  which  are  cfriairily 
definite,  two  seem  to  fall  iuto  series  with  tlbrolito  and  wcstanitc,  as  tlie 
following  structures  show : 


SiO,  -  (AIO), 
~SiO,'     Al 


OH 

—  .SiO,   :  Al 

8iO,  7  Al 

WmUoIM. 


AJ  —  SiO,  -  n,-  Al  —  SiO,  =  H, 
\  \ 

SiO,-AI  8iO,^Hi. 

Kft'.llnllP.  UonlnioriUonltn. 

JToiT.  eagge-stivc  ns  tbeso  formulu!  are.  they  represent  only  a  aelMtio" 
out  of  a  much  largur  uuuiXwiv,  a\\  ot  viVu-iV  e^yiw.  Vo  S.AVq'k  ■(aaeiilial'J' 


uj 
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same  stractaral  rale.  It*  the  ai^a  rested  ber^e  it  would  still  bo  i) 
»ug  one,  bat  it  becomes  even  stronger  wUeu  we  study  some  of  the 
re  complex  ortbosilicates,  and  some  of  tlie  silicates  containiug  other 
rganic  acids.  In  most  of  the  foregoing  instances  we  have  one 
roiDum  atom  linked  with  three  of  the  orthosilicic  groups,  making 
>rt  of  fandamental  nucleos  to  which  the  other  atoms  of  each  inolo- 
e  are  attached.  But  in  many  cases  we  seem  to  have  a  seinipolytu- 
sation  of  that  nucleos  which  results  in  the  elimination  of  one  of 
» silicas,  leaving  a  new  group  of  atoms  which  may  be  represented  as 
lows: 

Si04  = 

Al— SiO^- 

\ 

8i04  J 

/ 

Al  — Si04~ 

SiO^Z 

This  groapy  saturated  by  various  bases,  seems  to  exist  in  many  natural 
icateSv  notably  among  the  iron  and  magnesiau  micas;  and  from  it 
rtain  mixed  salts,  like  sodalite  and  nosean,  may  be  rei)resente(l  as 
irived.    Thus,  to  cite  a  few  exam[)les,  we  may  write: 


Si04:£FeH 

Al--Si04  ^-  Fell 

\ 
Si04  =  Ki 

Al  — SiO.  ~  FoH 

\ 
Si04  £2  FeH 

Annite. 


Si04  _:Na3 

Al— Si04"    Al 
\ 

/ 

Al— SiO,   -Al 

\ 
CI 

Soflulito. 


Si04  ~  Na, 

/ 

Al  — Si04  ~  Al 

\ 
Si04  =  Nag 

Al— 8104^5  Al 

\ 

8O4  —  Na 

Noseaii. 


/ 
Al  — Si04  _A1 

Si04  =  Na.> 

/ 
Al— Si04      Al 

\ 
S  —  Nu. 

Ultrainuriiu'. 


The  last  of  these  four  formula)  is  purely  hypothetical  and  rests  upon 
e  recognized  mineralogical  analogies  between  lapis  lazuli  and  nosean, 
is,  however,  a  formula  which  should  be  capable  of  synthetic  verid- 
•tion,  for  ultramarine,  itself  a  product  of  synthesis,  yields  many  deri 
stives,  the  formation  of  which  can  be  systematically  studied,  Possi 
y  the  lines  of  research  followed  by  Lemberg,  in  his  work  on  tli(» 
terations  of  elacolite,  may  be  fitly  applied  to  the  investigation  of  lapis 
^uU.  As  for  annite,  I  have  discussed  its  relations,  together  with  those 
the  lithia  micas,  in  a  previous  paper,*  iu\v\uc\\l\i*t\vv^.v\\^o  V^v^^w^viVASh 
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BUgge»tion«c(iiiw.'i!iiLSllioi»urli)liiyedbyfluoriiH'iulnpidolite,cryoplijI- 
Ut«,uiul(ililijgui»itf.'  SinUlitv  uiiii  iiueiuu.ii  were  couaiderecl  in  ttatille«liar 
p»I)er,'  iu  comieoUoii  witU  cancriiiitf,  iTi'plmlJte,  mid  otJier  itpeoics.  It 
is  hardly  iie^usisury  W  riipeiit  uitlifiF  (iisuuitainu  liore. 

Passing  now  to  tlic  iniitasiliniites,  w»  tind  uursulves,  !U( legards the alo- 
iniuoiw  Btilu,  at  eoinodiaadvaiiUigo.  TLe  iionuai  (50iin)ouud,  AySiO,), 
is  itot  kuown  tQ  exint  by  Kwilf  in  imture,  ftltlioiigU  certain  rf  iU 
derivutiv\it(  luo  (iuiuiuou.  Its  rnruiiila,  liowtjvpi-,  may  bv  writton  in  two 
wtiyu,  u«  follows,  ii[id  tu  one  of  IIiahu  typiM  tiouio  of  the  double  aluu'i- 
uons  uiL^UiHi1iuut»H  itlioiild  coiitorui : 


» 


^Sia  SiO, 


Which  of  tlie  two  is  best  sustiLined  by  cvidetioe  1 

To  annwer  thiMqtiei^tiuii  wo  may  appoul  tu  iwveral  well-knowii  mio- 
erals,  Miiuli  a:j  Hpodumoiu!  Atbi[3iO:,)„  jiuloitu,  A-lNafSiO,)^  leaoiK, 
AIE(8iOn)i,  and  ]iyra[jliylliti-,  din(SiOj]j.  All  of  these  can  be  guuera)' 
iztid  under  ouo  formula,  than : 

«^ 

SiO,  — B, 

which  is  directly  derivable  from  iionnal  salt  No.  1,  and  is  not  derivable 
from  No.  2.  Furfchormoro,  LyiiiiitL-,  an  isomer  of  fibrolite,  Al(SiOj.i» 
regarded  by  Grotb  and  utliors  as  a  biisic  iiiotasilicat«,  for  reaw>i>!< 
which  need  not  be  recousidered  lierc.  As  such  its  rormula  r» 
Aii(SiU3)02,  which  may  be  derived  from  either  of  the  formula)  for  ik 
normal  compoHod.  But  pyr»>[ili.vl  lite  often  ueeura  as  the  Rangneofkys- 
nite.  which  sugsests  a  ^{em'tic  relatio[i  between  the  two,  and  so  makes 
it  highly  xirobablo  that  the  latter  mineral  should  be  written 


<: 


rather  than  as  a  derivative  iif  tiiv-  seeond  formula  for  Al](Si03)j.  F'"' 
mula  No.  1,  then,  is  the  more  probablit  formula  for  aluminum  metfiKil'' 
cate.  Two  isomers  may  be  possible,  but.  the  evidence  so  far  favors  only 
one  compound. 


1  STBUCTURB   OP  THK   NATURAL   SILICATES.  1!) 

In  addition  to  orthosilicic  and  metusilicic  acids,  at  least  two  otlier 
silicio  aeids  correspond  to  known  salts.  These  are  the  compoiuKKs 
HsSisOs  and  H4Si308.  Still  more  are  possible,  but  it  is  not  necessary  to 
assume  them  in  order  to  account  for  known  minerals.  Derived  IVoiu 
H^SisO^  we  have  a  few  species,  notably  petalite,  AlLi(Si205)2,  which  is 
the  equivalent  of  spodumene  in  structure.  The  other  acid,  BLiSiaOs,  is 
represented  only  by  the  species  albite  and  orthoclase,  AlNaSisOa  and 
AlKSijOs  respectively.  If  we  triple  these  formula)  we  have  structures 
quite  analo^rous  to  the  orthosilicates,  in  which  the  normal  aluminum 
salt  Al4(Si308)3  is  the  starting  point  for  derivation.  Now  fjb  is  almost 
universally  believed,  in  accordance  with  the  views  of  Sterry  Hunt  and 
Tschermak,  that  the  triclinic  feldspars  consist  of  various  mixtures  be- 
tween albite  and  anorthite  as  two  extremes.  If  our  fundamental  hy- 
pothesis is  true,  each  of  these  minerals  is  derived  by  substitution  from  a 
normal  salt,  and  the  formulae  so  deduced  become  strikingly  suggestive : 

Si04  -  SiaOa  H 

Al  —  8104 "  -  Al  Al  —  SiaOg .  -  Al 

Si04  5f  Al  SiaOg  :ai 

Anorthite  is  the  lime  salt  corresponding  to  the  first  formula,  an<l 
albite  is  the  soda  salt  corresponding  to  the  second.  Another  comparison 
is  even  more  striking.  The  four  silicates  most  frequently  associated 
with  each  other  in  granite  veins  are  muscovite,  garnet,  albite  or  ortho- 
clase, and  tourmaline.  Tourmaline,  according  to  the  analyses  made  by 
Mr.  Riggs  in  the  laboratory  of  the  United  States  Geological  Survey,  is 
always  represented  by  the  general  formula  R'gB02(Si04)2,  in  which  at 
least  the  equivalent  of  B^3  is  present  as  aluminum.  This  gives  us  the 
following  quartette  of  formulae: 


8i04  ~  KHa 

Si04       / 

/ 
Al-Si04      Al 

Al  — SiO«        S 

Si04      Al 

8i04      Al 

Moflcovite. 

Garnet. 

BO, 

Si:,0«       Ka 

/ 
Al  — Si04       K:, 

/ 
Al  —  SiaOrt   _  Al 

\ 

SiaOn       Al 

Toonnaliuu. 

Ortboclase. 

The  suggestiveness  of  these  symbols  can  hardly  be  (jnestioned.  All 
four  are  covered  by  the  one  general  hypothesis  ;  and  tourmaline,  further- 
more, is  known  to  alter  into  muscovite. 

Leaving  the  aluminous  salts,  the  other  silicates  present  few  structural 
diflSculties.    Isomorphous  mixtures  become  perhaps  more  commoti,  but 
'When  they  are  resolved  into  their  coustitaeutij  xeVaWvviV^^  ^\w\\>V^  ^v^xo.- 
V^wnHa  are  foaad.    The  commoner  bivalent  metaVa  lowwX^^Wv  q\\}w^-  *ioc^^ 
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metiMiliciitett,  »iid  to  tliem  tbe  subslitutiou  byiiotliesiti,  as  a  nil€,eaKil; 
,    oppliBB.    Only  in  tlin  un-Usiliente  Heriiw  do  wt-  fiuil  notable  clifticiiHies 
I*  aud  they  may  bp  avnitk-d  by  tbu  asaitttiption  of  polymeric  molecuto 
I  Thus,  instead  of  li"diOj  we  Mhoubl  write  E"i(SiO^)j,  in  which  one  atoii 
I  of  R"  bcooines  ru|>ht(M.-abli9.    This  couuuptiou  is  by  no  means  new,  anil 
I*  is  iudeed  quite  counnonly  in  u«e;  bat  1  ro»y  be  |)ermitted  to  aiw  out 
item  of  Bvldentw  in  its  fmor.     Whoa  aolulions  of  oaloiam  chloride  liml 
KOdiurii  inetasilicute  are  mixed,  a  while  precipitate  of  calciam  melM 
,   silicate  is  thrown  down.    This  reaction  1  have  stndicd  noder  varioat 
eonditious  of  temperature  and  couceutnttiou,  and  I  find  that  wlico  thp 
prt^ipitated  atJt  is  carefnlly  dried  over  salphnric  acid  it  has  the  mbi- 
posiliou  2CaSi03.5U,0.    That  is,  the  doable  molecnlo  Ca,Si»0(  ia  re- 
quired in  order  to  avoid  a  formula  couliiiniii};  a  half  molecnle  of  watu 
By  itHolf  thia  fact  is  not  of  weighty  itnpoilHuce,  bat  it  counts  fur  sooH 
;  thing  in  confirmation  of  the  prevalent  views. 

Concerning  mised  silicate  molecules,  partly  ortbo-  and  partly  oiela- 
oouipounds,  I  have  nothing  at  present  to  say.  Suob  silicates  nndouM' 
ediy  exist,  as  well  as  aluminous  silicates  derived  from  normal  suits  >ir 
magnesia  or  lime.  Xor  do  I  venture  to  assert  that  all  known  ailicatuK 
are  as  yet  interpretable  by  simple  structural  meautt.  There  are  infttij 
outstanding  cases  which  still  seem  very  obscure,  but  which  I  confidently 
exiieot  will  be  cleared  up  in  time.  The  micas,  chlorites,  and  seapcilliw 
especially  need  a  great  deal  of  further  study.  Various  theories  havit 
"been  proposed  to  account  for  the  cnrnpoflition  of  these  gronps,  hut  not 
one  ia  absolntely  conclusive  and  sati-sfactory.  The  new  method  of  (lis- 
cussioD  which  I  have  proposed  is  yet  to  l>e  fully  applied  to  these  minerals 
but  a  wider  knowledge  of  their  variations  is  essential  to  its  eom|ilete 
application.  Whether  the  method  shall  be  finally  established  as  valid 
remains  to  be  seen,  but  its  results  so  far  at  least  entitle  it  to  respectful 
consideration.  As  a  working  hypothesis  the  substitution  theory  Lu 
value,  even  though  it  .ihould  be  ultimately  overthrown. 

In  conclusion,  there  is  one  question  to  be  considered.  With  the  Bili- 
cates  the  supposition  that  double  salta  are  substitution  derivativi-K  «f 
uornial  sails  appears  to  work  exceedingly  well.  But  linw  about  doutile 
salts  in  general  t  With  such  conipnuiids  as  the  sulphates,  chromates, 
tartrates,  oxalates,  etc.,  there  seem  to  bo  few  difficulties;  but  with  the 
double  haloids,  acetates,  formates,  etc.,  the  case  is  not  so  clear.  Their 
explanation  is  troublesome,  at  least  in  accordance  with  current  vieire 
concerning  the  valency  of  their  acid  radichw;  but  those  views  are  tiot 
absolutely  incapable  of  modification.  There  may  be  exceptions  tn  tiie 
general  hypothesis  of  derivation,  but  chemists  are  not  likely  to  Iw  Siilis' 
fled  with  partial  theories,  and  all  double  salts  ought  to  come  under  cw 
common  law.  Towartl  that  nlUmate  purpose  the  present  paper  t«iHi<) 
eT<^  though  the  road  which  it  opens  may  not  reach  the  final  gosl 


SOME   NICKEL  ORES   FROM  OREGON. 


By  F.  W.  Clabkb. 


In  or  aboat  the  year  1881  extensive  deposits  of  nickel  silicates  were 
discovered  in  Douglas  Oounty,  Oregon.  In  appearance  the  ores  uro 
ideDtical  with  the  so-called  "garnierite"  and  ^•nouraeaite''  of  New 
Caledonia,  and  many  specimens  bearing  these  names  have  fonnd  their 
way  into  collections  of  minerals.  At  present  the  deposits  at  Biddie, 
Oregon,  are  being  worked  by  the  Oregon  Nickel  Company,  and,  through 
the  kindness  of  Mr.  Will  Q.  Brown,  an  admirable  series  of  the  ores  was 
recently  sent  to  the  United  States  Geological  Survey  for  investigation. 
According  to  Mr.  Brown  all  the  deposits  lie  at  or  near  the  surface,  in 
beds  ftora  4  to  30  feet  thick.  Mining  is  carried  on  through  open  cuts 
JT  quarries,  and  no  second  bed  has  ever  been  found  underlying  the  first. 

The  specimens  at  my  disposal  represent  a  wide  range  of  appearances. 
Chey  include  samples  of  the  country  rock  and  of  the  associated  chromite, 
&nd  the  nickel  silicates  themselves  vary  much  in  color  and  texture. 
Fhe  finest  specimens  are  bright  apple-green  and  quite  compact,  and 
from  this  they  range  through  duller  shades  into  masses  of  distinctly 
^rthy  texture.  Most  of  them  are  intermixed  with  oxides  of  iron  and 
with  quartz;  and  even  the  imrest  mineral,  like  the  garnierite  of  New 
Caledonia,  is  seamed  with  thin  sheets  of  chalcedony.  All  of  the  nickel 
bearing  samples  are  much  decomposed;  and  one  particularly  beautiful 
specimen  is  distinctly  a  conglomerate  or  breccia,  having  nodules  of  the 
green  ore  imbedded  in  it  side  by  side  with  pebbles  and  fragments  of 
other  material.  Like  all  the  nickel  silicates  which  have  been  so  far 
observed  in  nature,  these  ores  «are  unmistakably  products  of  alteration, 
and  the  problem  of  their  genesis  is  somewhat  interesting.  For  com- 
l^rison  with  them  I  had  a  suite  of  the  New  Caledonia  minerals,  received 
from  Professor  Liversidgo,  and  a  large  series  of  the  genthites  from 
Webster,  N.  C,  collected  by  Mr.  W.  S.  Yeates.  All  three  localities  have 
mach  in  common,  and  the  three  sets  of  specimens  point  clearly  to  one 
conclusion,  which  will  be  stated  farther  on  after  the  evidence  for  it  has 
been  presented. 

In  composition  the  nickel  silicates  from  any  locality  vary  widely ; 
for  the  earthy  n<ature  of  the  material  rendera  it  imi>ossible  to  secure 
anything  like  a  homogeneous  substance  for  aiviv\>|»\».    TVyq^  \wv\visx 
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Mj>ecinioti  of  Miu  Uiildte  ore  wim  diirk  applo-green,  compavt,  hdS 
luiiurphudH ;  but  («» iiotmt'atwl  with  dlinswf  mlica  tliatnilufitiilciuiiitral  ' 
vtiulil  iii>t  be  tKoliiloU.  With  tlie  liest  material  obtattial>ifi  I  necured  tlie  J 
rollowin^  reiiiiltH,  which  I  give  xiilo  by  Hide  with  two  publisiied  an^ J 
jnes  by  Hood,'  in  order  to  show  the  variations. 


I 


ra«k» 

n^. 

»,»<. 

Lo.>.alUI>'C 

Ayi,  +  y(^ 

«.«a 

1.33 

4a» 

sio 

■a.w  [   »«s| 

».«|.».o«jm«| 

N(>itb(^r  lime,  snlphiilcH,  i^iitinuiuiii  nor  vubiilt  cotild  be  d(?t«cteii 
Likfi  the  New  Oalcdtmia  gariiierite,  the  fragineuta  of  this  silicate  fi-ll 
t^)  piew«  when  imineraed  in  water. 

Of  the  New  Caledonia  silicatea  many  analyses  have  been  pablislicil, 
mutably  by  Liversidgc  and  Luibius,  TypkcDamonr,  Gamier, and  tUiicli, 
and  tliuy  vary  between  widely  separated  extremes.  Not  only  are  IheM 
I  be  variations  due  to  mutual  re{ilaccments  of  uickel  and  inagnctiiR, 
with  a  range  in  the  percenttvge  of  NiO  from  0.21  to  45.15  per  u«at,  hut 
there  ai-e  also  great  dill'erences  in  silica  and  iu  hydnvtiou.  It  i»  (lieii?- 
fnrf  impossible  to  say  wliether  we  have  to  deal  witli  one  nickel  snll, 
varying  only  in  its  impurities,  or  with  several  compounds,  althoujfb 
the  general  similarity  of  the  material  from  different  localities  renders 
the  former  supposition  the  more  probable.  According  to  Ulricb'  tlie 
noumeaite  uud  gnruierite  consist  of  a  soapetone-Iike  base,  witb  a 
hydroxide  or  silicate  of  nickel  distributed  through  it  iu  veins  auil 
patches;  while  Des  Oloizeaus'  regards  noumeaite  as  a  maguesian 
liydrosdicate  impregnated  with  nickel  oxide.  The  latter  view,  however, 
is  hanlly  probable,  especially  when  we  consider  the  origin  of  the  miti- 
orals ;  and  Typkc*  has  cited  evidence  against  it.  The  prevalent  opinion, 
that  we  have  to  deal  with  one  or  more  definite  hydrosilicates  of  iiiuliel. 
is  best  siistiiiued  by  careful  comparative  study  of  the  specimens,  even 
though  the  salts  may  not  be  obtained  pure  or  positively  formnlated. 
The  reciprocal  variation  of  nickel  and  magnesia  in  more  than  twenty 
published  niuilyscs  excludes  from  further  consideration  the  idea  lb** 
the  nickel  is  present  to  any  great  extent  as  hydroxide.  For  temporary 
(^onveuicncc  we  may  use  the  well-recognized  name  "genthite"  gene''- 
icidly,  and  apply  it  to  all  the  nickel  silicates  from  the  aliove-iiamed 
localities. 

I  MiTiprul  KnHoiirccH  nf  tlio  United  Staten,  1883. 
'AmiT.  .loiiiii.  Sci.,  Tliitcl  series,  vol.  11,  p,  ii.'Ki. 

>Hiin.  Soc.  Mil!.,  \,'^9. 
•Cli.Mii.  KewH,  M,  VJ-.i. 
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the  ^country  rock''  surrouniling:  the()res:on  beds  one  large,  clean, 
Bpecimen  was  received.  Tiiis  was  8al)jected^to  analysis,  and  also^ 
gh  the  kindness  of  Mr.  J.  S.  Diller,  to  careful  microscopic  study. 
livine  separated  from  it  by  Mr.  Diller  was  analyzed  also,  although 
laterial  was  not  absolutely  free  from  enstatite  and  chromite,  and 
uialyses  are  here  presented  together. 


Uock. 
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nil  at  once  be  seen  from  these  data  that  the  rock  contains  nickel, 
lat  the  olivine  separated  from  it  contains  even  a  larger  proportion, 
act  suggests  a  probable  source  of  derivation  for  the  nickel  in  the 
d  beds  of  ore,  and  this  view  is  maintained  by  the  microscopic  in- 
:atioii.  Concerning  the  latter,  Mr.  Diller  reports  as  follows,  dis- 
[g  both  the  rock  and  the  genthite: 

iigh  specific  gravity  and  dark  yellowish  greoQ  color  of  the  oonntry  rock  with 
the  genthite  is  associated  at  Riddle,  Oregon,  at  once  snggests  that  it  helongs 
peridotites,  and  such  it  is  proved  to  bo  by  investigation.  It  is  aholocrystalline 
BkT  rock,  composed  essentially  of  olivine  and  enstatite  with  a  small  per- 
B  of  accessory  chromite  and  magnetite.  The  olivine  predominates,  so  that  the 
te  forms  less  than  one-third  of  the  mass.  Both  of  these  minerals  are  clear  and 
98y  but  may  be  readily  distingnished  by  their  cleavage  and  optical  properties, 
re  allotriomorphic,  i.  e.  not  bounded  by  crystallographic  planes,  and  do  not 
1  prominent  inclusions,  excepting  a  few  grains  of  chromite  and  magnetite  and 
•ritic  dust.  Notwithstanding  the  comparatively  fresh  condition  of  the  rock,  to 
according  to  Wadsworth,  the  name  Saxonito  may  be  applied,  it  is  completely 
ited  by  a  multitude  of  cracks  filled  with  serpentine  resulting  from  alteration. 
;  also  results  from  the  metasomatic  changes  in  the  saxonite,  and  wherever  the 
te  occurs  it  is  always  associated  with  either  quartz  or  serpentine, 
genthite  from  Oregon  varies  in  color  from  green  to  pale  apple  or  yellowish 
in  reflected  light,  and  is  compact  with  a  faint  suggestion  of  fine  granular  struct- 
Generally  it  is  dull,  but  where  most  compact  and  traversed  by  a  series  of 
3  fissures  or  seams  of  quartz  it  has  a  decidedly  waxy  luster.  Under  the  micro- 
it  usually  appears  to  bo  an  aggregation  of  irregular  grains  which  have  in  trans- 
.  light  a  pale  yellowish  green  to  coflfeo-brown  color,  and  a  peculiarly  clouded 
aspect.  Where  the  grains  are  very  thin  the  genthite  may  be  said  to  be  tians- 
;  and  isotropic,  but  the  majority  of  them  are  only  translucent.  In  the  narrow 
>f  genthite  lying  between  scams  of  quartz  the  former  is  indistinctly  fibrous 
ebly  double  refracting  ;  but  its  systeui  of  crystalUxaUou  eoxAOi  Tvft^\i<^^'R'^\\\\^'^ 
lined,    la  small  veina  it  ia  freo  from  grains  of  otAier  imiieta\!&,>a\jA»  ^^e^Xka't^N^* 
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Fi  r  uUi 


mail  tbti  elobr  ontw  (4)  nru  qnnrlz.  The  u»mmiugliD£  of  Ctiu  two  luineralB  It  « 
matn  na  to  iimku  h  ovidoiit  tbat  both  wuro  clepositoil  Ibim  iulution  iuisiranlfttin):*: 
tent.  Vuinlnt*  uf  ijnartn  nre  (h>iiiieQtly  Ibntid  cutting  ooroBatbosii  of  i^eulbtb),  aud  !■ 
pioornl  it  Appears  to  lio  ttaa  tliat  tbo  laltui'  mlnorul  was  hiiil  down  lint,  ftlthungU  l( 
la  pruliiibln  tJmt  l>otli  vrore  i>roci  pita  tod  at  about  tbe  same  tiuie.  AUbongb  th«  porwt 
jcnthltc  is  lolioroiiDil  with  (quarts,  tba  laini-ral  iamorecoiainoaly  anBOcmt«ll1ritllM^ 
[Wntlno;  ntnl  tlilx rolittinii  iHninoat  imporCunt  •>lluiuitsgoDl:tioBigmli<^a□o«.  Thn  wv 
NU&panyiii|f  t'i|;.  2  roiinwiiibi  tbe  edge  of  one  of  tbo  lar^r  veins  of  RcutbiU'  '"' 


the Horpontini'  ('i),  wliicli  f\ 
by  thn  decoJUiKiHiug  oliviuo.    Tlic 


iliuicynxiao  of  Iron  (1),  I«ft 
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iameterand  contains  no  oHviuo ;  bni  leas  than  half  a  millimeter  from  tho  boundary 
f  the  vein  much  olivine  still  remains,  although  deeply  coated  \Vith  oxide  uf  iron  and 
firpentiuo.  Tho  branching  starting  from  the  vein  of  geuthite,  together  with  the 
lanner  in  which  the  arms  gradually  fade  away  into  the  serpentine  at  once  suggests 
he  source  from  which  the  geuthite  has  been  drawn.  The  genthite  and  serpentine 
•re  thoroughly  intermingled,  but  the  former  is  generally  present  in  such  small  quan- 
ities  as  to  be  overlooked  unless  it  is  the  object  of  special  research.  It  occurs  in  the 
erpentine  directly  connected  with  the  grains  of  olivine  from  which  the  serpcutino 
MS  been  derived,  and  there  is  every  reason  to  believe  that  the  genthite  came  from 
;he  same  source. 

m 

In  order  to  secure  completer  confirmation  of  the  idea  that  the  nickel 
)f  the  greater  silicate  deposits  is  derived  from  the  alteration  of  nickel- 
feroas  olivine,  Mr.  Diiler,  at  my  request,  also  examined  specimens  from 
WTebster,  N,  0.,  and  from  New  Caledonia.  Concerning  the  Webster 
genthite  Mr.  Diller  reports  that — 

U  is  almost  identical  with  that  from  Oregon,  excepting  that  it  is  not  so  thoroughly 
ntermingled  with  quartz.  The  relation  of  the  genthite  to  the  serpentine  and  the 
diTine  at  the  Webster  locality  is  exactly  the  same  as  at  Riddle.  The  rock  at  Wcb- 
ter  differs  slightly  from  that  at  Riddle  in  containing  a  smaller  proportion  of  ensta- 
ito,  and  belongs  to  the  peridocites  to  which  the  name  ''dunyte"  has  been  applied. 

He  also  finds  the  New  Caledonia  mineral  to  be  identical  with  genthite 
c  its  physical  properties,  and  says : 

Under  tho  microscope  it  varies  from  pale  yellowish  green  to  light  coffee-brown, 
kiid  is  cither  completely  isotropic  or  exhibits  only  faint  aggregate  polarization.  Like 
he  genthite  of  Oregon  it  is  deposited  in  layers  and  cavities  thoroughly  intermingled 
V'ith  quartz,  and  in  the  same  thin  section  may  bo  seen  seqieutine  with  traces  of  oli- 
ineand  enstatite  so  disposed  as  to  clearly  indicate  that  the  siTpentine,  noumoaite, 
tid  other  secondary  products  have  resulted  from  the  alteration  of  peridotite. 

This  observation  confirms  the  earlier  one  of  Des  Cloizeaux  (loe.  cit.) 
^ho  stated  that  the  uoumeaite  was  imbedded  in  a  serpentine  rock 
^hifth  appeared  to  be  derived  from  olivine,  and  which  contained  crys- 
^h  of  the  latter  mineral  plentifully  disseminated  through  it.  A  simi- 
ir  suggestion  is  made  by  Mr.  H.  J.  Biddle,^  who  regards  the  nickel  of 
tie  Webster  deposits  as  an  original  constituent  of  the  olivine  rock,  and 
ites  an  experiment  of  Mr.  G.  B.  Hanna,  who  found  0.15  percent,  of 
ickel  oxide  in  a  chrysolite  from  Waynesville,  N.  C. 

So  far,  the  case  appears  to  be  clearly  and  conclusively  settled  as  to 
^e  origin  of  the  nickel  silicates  under  discussion.  Nickel  is  almost 
I  ways  present  in  small  quantities  in  olivines,  and  T.  Sterry  Hunt,  in 
^porting  genthite  from  Michipicoteu  Island^  calls  attention  to  the  lact 
3at  the  metal  is  rarely  absent  from  the  serpentines,  steatites,  diallages, 
'id  actinolites  of  the  Quebec  group.  Nevertheless,  one  other  i)ossible 
ource  of  nickel  must  be  noticed.  Roth,^  in  speaking  of  the  genthite 
c^mthe  chrome  mines  of  Pennsylvania,  attributes  it  to  the  alteration 
^  uicketiferous  chromite;  and  the  almost  universal  association  of  the 


'  Mineral  RcHonrccs  of  the  United  States,  18wt>. 
''Report  GtM)l.  Survey  of  Canada,  18G'.\,  p.  ^>V)C». 
^Allgem.  und  Choui.  Geologic,  vol.  i,  p.  225,  \tiT^. 
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latter  mineral  wilb  gunthtte,  renders  the  view  (lescrriag  nf  attentioiul 
But  it  imiHt  be  remeiiiberpii  that  chromito  altera  with  great  difBculty, ' 
while  uliviue  detioiuposoa  with  extrunie  oaae;  and  luoi'eover  the  gen- 
thit«  from  Oregon  (uintaiued  no  ohroiuiiim,  although  that  metal  was 
diligently  songht  for.  Furthermore,  Mr.  Diller  examined  some  of  tbe 
cbromite  from  the  Riddle  mines,  and  found  that  although  it  was  peii» 
hrated  by  creviues  filled  with  secondary  miuerala  containing  genthit^  ( 
'the  cliroraite  itself  showed  no  evideiioe  of  alt«ration.  i 

Concerning  the  other  silicates  of  niokcl,  described  under  the  numss 
of  pimelite,  altpite,  eonant«,  rottitnite,  rofdanskite,  etc.,  little  need  hen  \ 
be  said.  Some  of  Ihem  are  probably  similar  in  origin  to  the  better  j 
known  f^entbitc,  altliongh  the  couarite  and  riittisite,  which  couiaa  | 
small  amouuta  of  salphur  and  arsenic,  probably  came  from  nickcliferou  J 
sulphides.  For  the  other  raiiienUs  above  named  there  m  too  litttt  J 
evidence  upon  record  to  warrant  any  serious  attempt  at  disvassion.' 


•Arnll  dtw^ansinii  of  tlii-  nlckol  silioatoi  from  Ncvt  CalmlonU  nmy  be  fouuJ  1|J 
(ir9idj;o'B  work,  nntitled  "  Tlio  UinenilB  «f  Mow  Soutli  WbIm,  ato.,"  ptlra 

tabled  hy  Tcillmur  &Ca.,  in  IWH. 


NATURAL   SODA;   ITS  OCCURRENCE  AND   UTILIZATION. 


By  Thomas  Mabean  Chataed. 


%e  enormoas  consumptiou  of  carbonate  of  sodiam  in  conseqnence 
the  great  variety  of  uses  to  which  it  is  applied  in  manufactures  and 
laily  life,  has  made  its  artificial  production  one  of  the  most  thoroughly 
died  branches  of  chemical  technology.  The  valuable  work  of  Lunge,' 
ich  is  the  standard  authority  on  this  subject,  gives  the  history  of  this 
ostry  from  its  slender  beginnings  to  its  present  vast  expansion  and 
ws  what  energy,  ability  and  capital  have  been  expended  in  the 
irse  of  its  development. 

>f  the  many  methods  proposed  for  the  manufacture  of  carbonate  of 
iam,  but  two,  the  Le  Blanc  and  the  ammonia  processes,  have  fulfilled 
ctical  requirements  and  are,  at  present,  contending  together  for  the 
stery  of  the  field.  So  sharp  is  this  competition  that  in  many  cases 
Le  Blanc  process  can  live  only  through  the  demand  for  its  by- 
dacts — the  soda  obtained  yielding  little  or  no  profit — and  if  the 
blem  of  the  ntilizatio  n  of  the  chlorine  in  the  waste  liquors  of  the 
tnonia  process  be  ever  economically  solved,  the  former  method  must 
n  become  a  thing  of  the  past. 

before  the  discovery  of  the  Le  Blanc  process  the  only  sources  of  car- 
late  of  sodium  were  barilla,  or  the  ashes  of  certain  plants,  and  a 
Ul  amount  of  "trona"  or  ^'natural  soda"  obtained  from  Hungary 
I  a  few  African  localities.  The  principal  use  of  so<la  is  in  the  manu- 
bure  of  hard  soaps,  wliich,  in  default  of  this  alkali,  can  be  made  by 
ling  common  salt  to  the  "soft  soap"  produced  by  saponification  of 

5  by  means  of  the  potash-lye  obtained  by  the  leaching  of  wood  ashes. 

6  addition  of  salt  causes  the  soap  to  curdle,  the  sodium  of  the  salt 
^lacing  the  potassium  of  the  "  soft  soap "  while  the  residual  liquid 
itains  chloride  of  potassium.  Such  was  the  method  of  soap-making 
lowed  at  that  time,  but  the  increasing  cost  of  potash  and  of  barilla 
^ea  powerful  impulse  to  the  artificial  soda  manufacture  which  abroad 
3  now  become  the  most  important  branch  of  chemical  industry. 


Sulphuric  Acid  and  Alkali,  by  George  Lange.  Ph.D.,  tlircvi  \o\ft.,  lAvmv\c^\\,\%^^. 
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Nature  bait  beoii  ImiiiitiJ'ul  in  giving  hh,  within  our  bonniluricx, 
syiii-wiB  ul' ttudii  wbicli  aw»ib  thu  union  of  cnpital  and  tiMiiiuical  skill  \ 
to  bucunio  valuablw  prudiicors  of  iiational  wealtli.    These  sonrceB  of  ' 
natural  notla  are  the  alkaline  lakes  and  "dry  deposits"  situated  iu 
that  ttectiou  of  the  country  lying  between  tho  Rocky  Muautain^  and 
the  Sierra  K»vada,  known  as  the  "Great  Jla«in."    Many  are  well  known,   , 
having  been  dtMorihcd   by  tho  various  Govornnieut  expeditions  aiiri 
Bnt'veys ;  while  «oiue  are  too  weak,  too  iinimrc,  or  of  too  little  extent 
to  have  a  pros[>eetivu  value,  others  promise  good  results  to  well-dinwtvd 
practical  developmeut.    To   aid    this,  tho    present  iiivestigatiou  has 
been  undertaken  by  the  United  States  Geological  Survey. 

This  work  naturally  falU  into  two  divisions — the  collection  ami  a^ 
rangement  of  previoimly  existing  knowledge  and  a  study  of  the  tecb- 
iiical  questiouB  involved.  As  the  literature  of  the  subject  cpnHists  of  l>nt  . 
few  articles,  most  of  which  are  to  be  found  only  iu  journals  inacceKsihle 
to  those  more  pju-ticularly  interested,  it  has  been  deemed  atlvisablf  w 
bring  together,  in  a  compact  forui,  the  inforiuatiou  we  possess  uonceni' 
ingforeign  localities,  both  as  to  their  uature  and  the  work  done  in  con- 
nection with  them.  In  regard  to  the  study  of  the  technology  of  tbe 
subject,  it  must  be  understood  that  this  has  its  special  difficulties,  kiuob 
laboratory  experiments  on  a  small  scale,  no  matter  how  carefully  unU' 
ducted,  can  rarely  reprodnce  the  condition  existing  in  large  mosaeA 
of  such  material,  while  tbe  in  fluence  of  the  climate  is  also  a  very  pot«i>t 
factor.  For  these  reasons  a  portion  of  the  work  was  done  in  the  ficlil, 
and  more  was  contemplated,  but  unforeseen  circumstauces  have  pre- 
vented tho  complete  prosecution  of  this  plan,  and  the  results  so  far  ob- 
taiued  are  published  in  order  that  others  maybe  induced  to  take  up 
the  work  aud  develop  it  on  a  practical  scale. 

COMPOSITION. 

"  Natural  soda,"  so  called  to  distinguish  it  from  the  soda  produced 
by  artificial  processes,  is  the  residue  obtiiined  by  the  evaporation  of 
alkaline  waters,  without  the  aid  of  artificial  beat,  it  is  composetl  of 
sodium  carbonate  and  bicarbonate,  in  viuying  proiwrtions,  mixtid  «iUi 
impurities,  mainly  sodium  chloride  aud  sulphate.  Iu  comparing  iiatt- 
ral  sodas  from  different  localities  we  shall  find  that  they  vary  widely  in 
composition,  so  that  aprocessof  m>Lniif>ictHre  dcveloited  in  onelocnU^i 
and  yielding  there  a  very  pure  and  cheap  product,  may  fail  completely 
wheu  applied  without  proper  modification  to  the  material  fi^msDOther 
place. 

The  problem  to  be  solved  is  the  economical  production  of  commerdsl 
sodium  carbonate  by  the  appropriate  treatment  of  the  natorftlBoda, 
and  the  means  to  be  employed  are,  in  the  main,  solution,  evaporation 
and  fractional  crystallization.  By  fractional  crystallization  we  mean* 
methodical  stoppage  of  the  crystallizhig  process  by  removal  of  the  ro- 
uiJiiuiugsolutiou  or  "  mother  V\(\aw "  ^YQwv\.\\ft''''«i^o\»'"  o^'a^tstalawto 
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[)tainecl.  This  ^< first  crop''  may  be  either  the  desired  material  in  a 
orer  coudition  than  it  ws&s  in  the  original  solution  or  may  consist 
laiuly  of  impurities  which  we  wish  to  remove. 

As  the  first  step  in  this  study  it  is  necessary  for  us  to  know  the  na- 
ire  and  properties  of  the  salts  composing  natural  soda,  not  only 
hen  they  are  pure,  but  also  when  in  combination  with  each  other, 
ince  the  properties  and  reactions  of  each  salt  are  modified  by  the  pres 
Dce  of  the  others  in  its  solution,  and  the  extent  of  this  influence  is 
enerally  proportionate  to  the  relative  amounts  of  the  salts  present. 
The  substances  to  be  considered  are,  therefore,  sodium  sulphate, 
liloride,  carbonate  and  bicarbonate,  and  in  describing  them  only  those 
tiaracteristics  which  seem  to  be  of  interest  in  this  conueccion  will  be 
lentioned,  since  the  text-books  of  chemistry,  notably  the  work  of 
•ange  already  mentioned,  give  all  needed  general  information  with  suf- 
eient  fallness. 

SODIUM  SULPHATE. 

Sodium  sulphate  NatS04,  or  anhydrous  sodium  sulphate,  is  found  in 
lature  aa  the  mineral  Thenardite.  Combined  with  ten  molecules  of 
rater  of  crystallization  or  Na2SO4l0n2O,  it  forms  the  mineral  Mirabi- 
ite.  Both  of  these  minerals,  as  also  the  artificial  sulphate,  are  soluble 
a  water,  and  the  solution  on  being  evaporated  yields,  according  to  the 
emperatnre  and  other  conditions,  either  anhydrous  salt  or  salt  with 
even  or  ten  molecules  of  water  of  crystallization. 

The  composition  of  these  salts  is  as  follows : 


Anhv-     With      With 
drou*.     7  H,0.    10  IltO 


43.  07   23.  13 

66. 33   29. 85 

;  47.02 


19.26 
24.84 
55.91 


100.00     100.  UO  I  100.00 


Of  the  two  hydrated  salts,  the  one  with  10  II2O  is  generally  known  as 
crystallized  Glauber's  salt,  and  is  formed  when  the  solution  isevaporated 
mder  ordinary  conditions.  It  forms  large  transparent  crystals  which 
effloresce  in  the  air,  falling  into  a  white  powder  and  losing  all  of  the 
Uter  if  the  air  is  sutficiently  dry.  If,  however,  the  solution  is  made 
ttroDgly  alkaline,  by  the  addition  of  sodium  carbonate,  and  evaporated 
it  ordinary  temperature,  the  cr^'stals  then  obtained  are  anhydrous.^ 
Hiat  the  sulphate  is  under  such  circumstances  anhydrous  is  also  shown 
i)ythe  numerous  analyses  of  mixed  salts  giv^en  in  thispaper,  notably  tho.se 
)Q  pages  63,  64,  as  the  amount  of  water  there  found  isiusufiicient  for 
8ven  the  salt  with  one  molecule  of  water  of  crystallization  or  N}i2SOi, 
HjO,  said  by  Thoinsen^  to  be  formed  under  such  conditions. 

^  Schulz-SoUack :  Jouni.  liir  i>rakt.  Cliom.,  aetieR'i,  voV.  ^i,  "^.  \^^, 
^Thomsen:  Bor.  Doutach.  Clioni.  G08.,  vo\.  U,  v.  ^iWi, 
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Tho  Holubility  of  tlu»  siilt  in  water  incrciues  with  the  1«mi)erft(ure, 
100  parts  of  water  at  00(^2'^  V.)  tiiasoiviiig  5.02  parts  NajSO„  whileat 
330  C(91.4o  F.),  tbe  point  of  greatest  solubility,  50  parts  N%SOt  are  ilia-, 
solved.  As  diffiii'eut  observers  give  differeut  results  it  18  well  to 
at  this  point  that  tbo  solubility  of  a  satt  at  auy  given  tetoperatiBfl 
depends  on  whether  we  take  tbo  shU  iu  its  anhydrouu  condiUoa  oral' 
combined  with  water  of  crygtallizatiou.  The  esperiiueutH  of  Loevel*' 
show  thift  very  clearly  for  sodium  sulphate,  and  it  is  also  tni«  tot 
sodium  carbonate.  Of  course  the  figures  are  ouly  true  for  pure  sola- 
tiuus ;  if  other  salts  are  present  suuU  as  chlorides  and  carbouatea  tin 
(juestion  becomes  very  complicated.  The  results  obtained  by  thesttriea 
of  experiineut*  on  tbe  evaporation  of  Owens  Lake  water,  to  be  described 
later,  may,  however,  aid  us  iu  forming  correct  conclusions,  bat  so  tun 
cau  only  say  that,  from  a  pracLical  point  of  view,  the  sodium  aulptiate 
which  is  always  present  to  a  greater  or  less  extent  in  all  alkaline  watun 
and  dry  deposits  is  a  most  unwelcome  guest,  being  of  itself  compara- 
tively worthless,  but  by  its  presence  greatly  complicating  auy  procMse 
devised  for  the  extraction  of  the  valuable  carbouate.  As  will  be  seeu 
later  it  is  deposited  to  some  extent  with  the  "first  crop  "of  crystals,  evai 
when  this  crop  represents  but  a  small  portion  of  the  total  salts  iu  solu- 
tion,  and,  uuHke  sodium  chloride,  it  has  a  dialiuctly  deleterious  effect 
u|>ou  the  quality  of  the  product.  It  must,  therefore,  be  tho  aim  of  iht 
manufacturer  to  prevent,  or  at  least  to  control,  its  deposition  as  fu  vt 
practicable,  and  to  attaiu  ibis  result  careful  and  judicious  work  wiU  to 
necessary. 

SODIUM 


Sodium  chloride  {NaCl}  or  "common  salt,"  contains  30.39  percent. 
sodium  and  60.01  per  cent,  chlorine.  It  crystallines  in  cubes  whicli. 
when  the  crystallization  occurs  on  the  surface  of  the  solution,  usually  I 
unite  togetbei  to  build  up  the  well-known  "hopper  forms."  The  rrys- 
tills  formed  on  the  bottom  are  generally  incompletely  developed,  but 
sometimes,  and  this  is  particularly  the  case  when  certain  other  saltJ<  an 
present,  the  culws  are  perfectly  formed,  transparent  and  very  briglit. 
Other  crystal  forms  and  niodiHcations  have  also  been  observed. 

One  hunilred  parts  pure  water  at  0^  U  (Sli^  F.)  dissolve  35,59  parts  j 
NaCl,  and  this  solubility  is  but  little  increased  by  a  rise  in  teraiwraliire 
asat  30OC  (Sfio  P.),  only  3G  piirtn  are  dissolved.  Even  at  the  boiling  poiiil 
of  the  satnrate<l  solution  100.7°  0(129.5°  F.)  it  contains  but  40.35  partn- 
Tliis  peculiarity  of  solubility  is  of  great  importance  in  the  practical 
treatment  of  the  natural  soda,  since  it  renders  the  removal  of  tli« 
chloride  a  comparatively  easy  matter,  the  rate  of  deiMsilion  of  tbe  Ball 
being  but  little  inHuenoed  by  ehanges  of  temperature  of  the  solution- 

If  deposited  with  the  crop  it  has  no  other  effect  than  to  reduce  tlie 
percentage  of  alkali,  and  therefore  the  market  value  of  the  product, 
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while  its  presence  iii  tlie  solution  up  to  a  cerbiin  proportion  appears  to 
have  a  distinctly  beneficial  action  >is  causin;;^  a  more  complete  and  satis- 
factory crystallization  of  the  first  crop. 

The  influence  of  chloride  of  sotliuni  on  the  solubility  of  carboiiat*?  of 
sodiani  will  be  shown  under  the  latter  head  by  the  tabulated  results  of 
experiments  undertaken  to  determine  it. 

SODIUM   CAIUIONATE. 

■ 

Sodiam  carbonate  or  sodium  nionocarbonate  Nii^COi  i8com[>osed  of — 


Soda.NusO 

Carbonic  uoid,  CO* . 


Moleculur 

cent. 

«!i.  0 

58.53 

44.0 

41.47 

100.0 

100.00 

It  is  an  opaque  white  salt  of  a  specific  gravity  of  2.5,  and  melts  at  a 
moderate  red  heat,  losing  a  small  portion  of  its  carbonic  a<;id,  this  loss 
occurring  even  when  the  salt  is  heated  and  cooled  in  a  stream  of  diy 
carbonic  acid.  When  fused  in  a  crucible  over  an  ordinary  flame  the 
loss  of  weight  at  a  red  heat  is  about  six-tenths  of  1  per  cent. ;  as  the 
heat  increases  so  does  the  loss,  so  that  at  a  yellow  heat  up  to  1.75  per 
cent,  is  lost,  but  this  is  regained  as  the  material  cools,  so  that  the  final 
loss  is  that  at  a  red  heat.  If  the  salt  is  fused  in  a  current  of  air  or  of 
steam,  the  loss  is  continual  and  proportioned  to  the  degree  and  dura- 
tion of  the  heating,  experiments  giving  a  loss  as  high  as  2.05  per  cent.* 
A  solution  of  sodium  carbonate,  if  boiled,  undergoes  a  small  but  contin- 
ued loss  of  carbonic  acid,  and  the  same  loss  occurs  if  the  solution  is 
placed  in  a  vacuum  at  ordinary  temperatures.     (Jacquelain.) 

Sodium  carbonate  dissolves  in  water  with  evolution  of  heat.  From 
its  solution  it  crystallizes  with  1,  2,  3,  5,  G,  7, 10  an<l  15  molecules  of 
water;  (1)  according  to  the  temperature  of  the  solution,  and  (2)  acconl- 
ing  to  whether  the  solution,  prepared  at  a  boiling  keat,  in  cooling  down 
is  freely  exposed  to  the  air  or  not. 

Of  these  hydrates  the  monohydrate  (NaiCOaHjO),  is  found  in  nature 
as  the  mineral  thermonatrite ;  ^'the  trihydrated  salt  (Na^CO:,,  3II2O), 
aocording  to  Schickendautz,  is  found  as  an  aillorescence  in  dry  places 
of  the  beds  of  rivers  in  the  Cordilleras ; '"  while  the  decaliydrate 
(NaaCOalOHjO),  w^hichis  the  ordinary  "  crystal  soda  "  of  commerce,  has 
been  found  native  by  Olzewsky.^  The  anhydrous  carbonate  Na.;(X)- 
also  seems  to  occur, as  Kayser^  describes  an  incrustation  which  hadcvi- 


'Soheerer:  Ann.  d.  Cheiuie  u  Pharm.,  116,  p.  129;  Mallard:  Anu.  de  Cbiiiiio,  series 
4,  Tol.  38y  p.  89  ;  Jacquelain:  Ann.  do  Chimin,  series  4,  vol.  3*2,  p.  103. 
*Lange:    Sulphuric  Acid  and  Alkali,  vol.  2,  p.  277. 
'Ohsewsky:  Journal  fiir  prakt.  Chemie,  vol.  102,  p.  375. 
^Kayser,  W.:  Liehig'a  JabreHbancht  dor  CUomic,  I80O,  pp.  1^0,  ^V, 
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(Jfliitly  boon  I'ormwi  by  the  wcmthertus  of  the  clay  nlato  upon  wlddr  it 
wus  I'ouuil.  Ilia  uiiHlyscs  of  butii  slatA  iiiul  iiicruHtation  are  pIvtMi  hwI 
are  interesting  as  betiring  on  tin'  probkiiina  of  nn-,k  dveompositiun  wwl 
aa  ahowiDg  one  of  tlic  wnys  in  wbii-h  "  naturiil  alkali"  is  proUimfd. 


I 


SiOj 4'J.ff 

Ai.Oj a!i,4i 

Fi-iOi <i.9* 

M>i,0, I.M 

Ca() AlO 

MgO - ST 

KiO - tW  • 

NatO - - - 1,81 

Snliibiir. - 39 

Ciirhou ff. 

HjO 7.0S 

BiiO-     It. 

IUU.V7 


r«.cOj 19 

MgCO*,-.. 3.x 

C»CO I.« 

NoaCO. Bin 

HtO l.« 


^P  99.1H 

Sodium  carbouate  is  most  soluble,  according  to  Mulder,  iit  pure  v:M 
at  :J2.5o  C  (90,50  F.),  tbe  solution  then  containing  59  parts  Xft,'-'O]10 
100  parts  water,  or  37. 10  per  cent.  Hence  a  solutiou  wLicli  hM  dciios- 
ited  eryatala  at  tbe  boiling  point  (105°  0 — 221°  F.)  redissolves  ltii!i" 
while  cooling  till  tbe  temperature  siulis  below  32.rj°Q,  when  recryUl- 
lization  begins.  Tbe  solubility  varies  very  greatly  with  Ibo  terii]WW' 
ture;  thus  at  l.'i.SoC  ((HPF.)  the  saturated  solution  coutaius  11.53  per 
cent,  at  31.3°(J,  30.04  per  cent,  uiid  at  32^0,  31.78  per  etuit. 

Tbe  pros«uce  of  sodium  suli>hate  or  chloride  decreases  the  amoiiiK  "f 
carbonate  wbiob  a  given  amount  of  water  can  dissolve,  aiiil  jih  (!)« 
nature  and  extent  of  this  influence  is  of  importance  in  stHdyiiifc' Hi* 
conditions  attending  tbe  separation  of  tbe  carbonate  from  tbetinturnl 
deposits  anil  solutions,  all  of  which  oontaiu  chlorides  usually  iii  iMg^ 
proportions  than  carbonates,  three  series  of  experimeuts  have  Iwcn 
carried  out  and  the  results  are  given  in  the  following  table. 

lu  sories  A  the  NaCI  was  diwsolvol  in  water  and  the  solution  "W 
mudo  up  to  flOcm^  Tlie  NajCOj  was  then  added  and  the  whole  ehu^^ 
vigorously,  the  shaking  being  repeated  at  intervals  throughout  tlietinj' 
The  graduated  cvlindors  containing  tbe  solutions  were  allowed  W 
stand  till  the  next  morning,  when  the  mother  liquors  were  filtered  Jrom 
the  deposited  salts,  a  perforated  crucible  with  asbestos  felt  being  188'' 
for  tbin  pnrpose. 
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>  ▼olame  and  temperature  of  the  filtrate  were  noted,  and  25  cm^ 
^iken  for  the  determination  of  the  specific  gravity.  This  portion 
len  diluted  with  water  to  1000  cm\  and  of  this  dilute  solution 
ns  of  50cni^  each  were  taken  for  the  determinations.  These  por- 
as  well  as  the  1000  cm^  were  in  all  cases  weighed,  and  the  results 
have  been  calculated  by  the  factors  so  found, 
teries  B  the  o{>erations  were  the  same,  except  that  the  NaiCOs 
issolved  first,  the  NaCI  being  added,  in  portions  of  2.5  grams 
%  permanent  deposit  was  formed,  while  for  series  0  a  saturated 
)r  liquor  of  Na^COa,  lOHjO  was  employed,  50cm*  being  taken  for 
)ortiou. 


nea 

o. 

lu  50 
Na  CI. 

IC4II*. 

Na-^COj 

OC. 

^p.  G. 

Percent. 
NajCOa. 

Aver- 
age. 

Per  cent. 
NaCL 

Aver- 
age. 

Total 
percent, 
ofaalta. 

j^rains. 

addtid. 

L.... 

Saturated. 

5.0 

34.0 

1.245 

7.88 

7.90 

21.26     21.125 

29.150 

7.02 

21.24 

} 

12.5 

10.0 

35.5 

1.2M 

14.83 
14.87 

14.85 

17. 29     17. 265 
17.24  1 

32.115 

L... 

10.0 

15.0 

32.5 

1.314 

18.84 
18.36 

18.35 

14.39  1  14.38 
14.37  . 

32.73 

l... 

7.5 

17.5 

33.0 

1.329 

22.30 
22.26 

22.28 

10.54  1  10.525 
10.51  j 

32.805 

5.... 

5.0 

20.0 

33.0 

1.340 

26.  30 
26.36 

26.36 

7.01  1    7.015 
7.02 

1 

33.375 

J.... 

2.5 
graniK. 

22.6 
N;i(:i 
addtnl. 

33.5 

1.'352 

29.34 
29.31 

29.325 

3.42 
3.42 

3.42 

32.745 

. . .  • . 

12.5 

12.5 

35.0 

1.300 

16.67 

16.665 

15.46     15.455 

32. 120 

16.66 

15.45 

t 

10.0 

1 

12.5 

35.5 

1.281 

14.01 
13.99 

14.00 

17.38  17.385 

17.39  ; 

31.385 

L... 

7.5 

15.0 

32.3 

1.261 

10.48 
10.48 

10.48 

19.67  1  19.665 
19.65 

30.145 

i.... 

5.0 

15.0 

32.  .O 

1. 237 

7.14 
7.15 

7.145 

21.41     21.42 
21.43 

28.565 

» 

2.5 

17.5 

33.0 

1. 217 

3.67 
3.68 

3.675 

24.07     24.065 
24.06  ! 

1 

27.740 

Satarate<l 

none  — 

31.3 

1.3287 

30.07 
30.02 

30.045 

30.045 

r" 

{   _^^ 

..  do.  .... 

5.0 

3fi.0 

,    1.3435 

26.  59 

26.595 

7. 20  ;     7. 265 

33.860 

26.60 

7.27 

\.... 

...do 

7.5 

29.5 

1.3114 

19. 415 

19.416 

13.08 

13.08 

32. 496 

• 

19.  417 

13.08  ! 

1 

I.... 

..  do 

10  0 

29.5 

1. 3139 

IS.  59 
l&GO 

18.595 

14.62  '  14.62 

33.  215 

14. 62 

'  •  •  •  • 

...do 

12.  5  [  3.'.  0 

1. 3146 

18.81 

ia825 

14.48 

14.47 

33.395 

1&84 

1 

14.46 

5.... 

. . .  do  .•..•• 

15.0  '  30.0 

1.3204 

10.29 
19.30 

19.295 

14.17     14.16 

33.455 

14.15 

Bull.  60- 
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In  «f)Cti  of  Lliu  uxperimeut'S  Imre  tabulated,  witli  tlin  usception  of  CI 
tlicrt*  wiiM  a  CHDHidcj'atile  deposit  of  naiUi  uoiiMisting  of  a  mixtnn',  i«,. 
vnr.viiig  proportions,  of  tlin  two  »nlt«  Diiiployt-d,  tmd  tln>  compoeiriori  ot 
tli«  deposit  can  he  cAloiiktud  by  th(t  difll'ruuoe  between  !ho  aiiKiiiuts 
originally  Ukeii  iu  uacli  <^iUio  imd  tlioiw  in  solution. 

it  (Fill  boubsorved  tbat  in  the  A  Berien  the  point  of  ujuilibriaui  in 
tUo  [H^cciiUig«H  of  tbo  two  Halts  in  8olntion  lie«  Iwtwitiu  A'l  ani]  A3^ 
pi-obably  near  to  the  imint  where  ec|ual  welglit«  of  NuCl  and  Na^HJi 
would  bu  mkeo.  Tliia  is  AulMtaotially  provi-tl  by  111  wbei-e  V2.5  Kfaoil 
of  each  salt  were  usod  auil  thv  amount  of  Nn^iOUj  wao  1.21  per  veul> 
higher  than  that  of  Mie  NuCl. 

The  aalta,  bowover,  do  not  apiH-ar  to  dissolve  in  proportion  to  Uw 
iimoiints  taken,  the  ^'ariationn  lieing  greatest  iu  the  A  HcrieH  wkeNi 
the  Na^GO]  was  added  to  the  soliition  of  the  NaCl ;  wherutut  iti  tii«3^ 
eerien,  the  NatCO]  wne  lirst  dissolved  aud  tlie  N«01  aildod  the  vari*- 
tlons'are  much  smaller.  We  may  therefore  conclude  that  if  a  miitui% 
of  tbe8o  two  salts  is  treated  with  an  amount  of  water  iufltifflclentfor. 
complete  solution,  the  amount  of  eaeb  dissolved  will  \w  approximataljr 
proportionate  to  the  quantity  present  but  that  the  appmslinatioo  l8tu* 
very  rJose. 

Berit^  C  «bow8  the  effect  of  the  a<]ditioii  of  increaHing  proportioat^ 
of  NhO)  t«  ft  saturated  solution  of  NiiiOO,,  lHhm'  of  this  solutian  tt 
31,30  0.  weighs  60.3424  grams  an<l  cotitaiua  iy.fl;;34  grams  N^^OOj,  oi^ 
as  given  iu  the  table,  30.Uio,  per  cent.  The  table  sbowB  tbat  the  wlili. 
tion  of  7,5  grams  NaCI  pave  the  best  i-esuK,  but  iis  some  of  it  n?maiin*d 
in  the  deposited  NatCUj,  a  less  quantity  might  have  been  advaot*- 
geously  taken,  say  6.64  grams  or  one-third  of  the  weight  of  the  NaA^i 
in  solution.  Had  this  been  done  we  should  probably  have  had  httle 
more  NajCOa  left  in  i*»)Uition  and  that  de])osited  would  have  been  purer. 
If  the  amount  of  XaCl  is  increased,  the  excess  as  shown,  remains  nn- 
dissolved  and  the  character  of  the  solution  suffers  but  little  dimge. 
The  practical  bearing  of  these  results  will  be  more  apparent  when  ve 
come  to  that  itortion  of  this  paper  treating  of  urao  or  the  eombinatioa 
of  sodium  monocarbouate  with  sodium  bicarbonate. 


Sodium  bicarbonate,  NaH  CO  J,  contains — 

S.«ltt,  N'rijO 36.94 

futbimii!  acid.  CO, 08.36 

Wiiti:r,  H.,0 10.70 

100.00 

It  is  formed  by  the  action  of  CO]  on  NajCOj,  hence  is  always  prodowl 

when  a  solution  of  the  latter  salt  is  exposed  to  the  air.   At  theordinftr; 

pressure  of  the  atmosphere  the  reaction  is  a  slow  one,  Ijiit  if  pure  Oft 

at  a  pressure  of  30  uounds  to  the  square  inch  is  used  the  QouverWH  !• 
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The  salt  ocoars  in  monocliuic  tables  usually  combined  into  crusts.  It 
U8  a  somewhat  alkaline  taste ;  if  entirely  free  from  Na^OOa  it  (loos  not 
shange  turmeric,  but  reddens  blue  litmus.  Tlie  best  test  for  its  purity, 
Mseotding  to  Hager,  is  calomel ;  0.5  gram  calomel  mixed  with  1  gram 
SfaBOQa  and  1.5  gram  water  and  shaken  up  does  not  blacken  in  121 
loors  in  the  absence  of  monocarbonate,  but  in  its  presence  it  turns 
nore  or  less  gray.  In  moist  air  or  if  moistened  with  water  tlie  salt 
loaesOQty  the  more  quickly  the  higher  the  temperature.  Hence  if  a 
solation  of  bicarbonate  is  heated  the  bicarbonate  is  gradually  destroyed 
mi  loonocarbonate  remains,  which  hiis  an  important  bearing  upon  the 
problem  of  the  economic  treatment  of  natural  soda. 

NaHGOs  i*^  much  less  soluble  in  water  than  Na^OOa,  100  parts  of 
roter  at  15.5O{G0op)  dissolving  only  8.0  parts  or  8.17  per  cent.  The 
liability  is  much  diminished  by  the  presence  of  sodium  chloride  or 
ulphate,  or  a  mixture  of  both.  A  saturated  solution  of  sodium  clilo- 
ide  dissolves  hardly  any  of  the  salt,  a  fact  of  great  importance,  since 
ipoa  it  is  based  the  ammonia  process  for  the  manufacture  of  soda. 

SODIUM  SKSQUICABUONATB. 

Sodium  sesquicarbonate,  Na4U30309,  so  called  because  the  old  dual- 
stic  formula  was  (NaO)2(C02)j  is  described  in  all  chemical  works  which 
teat  the  subject  of  the  sodium  carbonates  at  all  fully.  It  is  said  to 
wt  in  nature  as  a  mineral  to  which  the  name  trona  Inis  been  given 
»Dd  lias  been  prepared  artificially  by  E.  Hermann^  and  Winkler.'' 
)ther  chemists  also  claim  to  have  obtaine<l  it.  It  represents  a  combi- 
lation  of  one  molecule  of  NatOOs  with  two  molecules  of  NaHCOj  or 
ratCO],  2NaHC03,  which  may  also  be  written  Na4ll2C309.  My  own  ex- 
erimcnts,  which  will  be  given  in  detail  further  on,  not  only  failed  in  re- 
producing this  salt,  but  also  throw  considerable  doubt  upon  its  actual 
xistence  as  a  definite  chemical  substance,  and  not  as  a  mixture  of  the 
wo  carbonates  accidentally  formed  iu  these  proportions. 

There  is,  however,  a  very  definite  combination  of  the  two  carbonates, 
rhich  occurs,  as  will  be  shown,  widely  distributed  in  nature  and  which 
Mars  the  mineral  name  ura4).  This  salt  is  composed  of  one  molecule 
>f  sodium  mouocarbonate  and  one  of  sodium  bicarbonate,  plus  two 
molecules  of  water  of  crystallization,  or  Na2C03,  NariC03+21l20,  or 
i^asHGtOe,  2HaO.  It  is  very  easily  produced  artificially,  in  a  well  crys- 
^lized  condition,  and  is  most  important  in  this  connection,  since  by  its 
'bemical  behavior  it  gives  the  key  to  a  rational  economic  process  where- 
by the  natural  sodas  can  be  made  available  for  use  in  the  arts. 

For  this  reason  it  will  be  made  the  subject  of  a  special  section  of  this 
[>aper,  but  before  taking  it  up  we  will  briefly  consider  the  principal  lo- 
^itaes  of  natural  soda  throughout  the  world  and  the  character  of  the 
*«lt8  produced  by  them.    In  this  manner  a  better  idea  of  the  extent 


*  B.  Hemianu :  Jour,  f lir  prakt.  Chemio,  vol.  ^%  \*.  ^Vi. 
»  Winkler:  Buohuer^H  Keport.  fUr  PUai^m.,  vo\,  4d,  \>.  "itV.^, 
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ami  dffGculty  or  tli»  problBui  cmi  1m  tibliiiiivd,  while  a  maiiH  of  loattor 
at  present  cciittci'ud  tlii'uugh  tlie  variolic  juurualn  id  brouijtit  tuj^etliei , 
for  VOID  jiHrisoii. 


LUOALITIKS  4ND   MODE  OK  0<!(!VmttKM(;K. 


i 


Ati  a  dry  climate  is  tlie  prium  (aeVor  fur  lliu  rortnutiui)  of  di*[><uitt(f  i 
Datiinil  liiidii,  or  of  uniiutiutrattid  watoru  ti«i%'ily  ubitrged  with  it,  aiij  u» 
Hucb  vliiiiiiUc  uuiidltiou^  uxist  in  uiauy  purM  uf  lli«  world,  th»re  aiv uu- 
uieruuH  jiIiuHM  wliuru  this  mnUTial  liati  Ufxm  found  or  may  r(tatu)iialil> 
bu  looked  for.  A  complulvliHt  of  these  ootinrrentsett  is  not  ttvaikUv, 
nor  would  it  bavt*  any  HimdiU  value,  aud  In  it[)<«akin([  of  tt»j  rot«l;:n  !u-  ■ 
oalitiv»  only  Uiikh'  will  Iw  dusciilHsd  whuru  tltu  niat«rial  is Iwing uliliml 
or  where  tiio  loc;t1  uonditiouu  are  of  iutereHt  tor  cou]|iariw>u  witli  uur 
boiuu  Huuruus  ot'ciuiit'ly. 

UUNUAHr. 

In  Hungary  natnralHoda  is  found  in  many  plimeit,  e<t|>eci»lly  nntrtfae 
towuof  Sze^ttdiiiJ  It  ouour«  aa  an  uniiirvHeunounn  tlK-'KUrlacttofiiioi'd 
places,  the  snuw-whit'O  rrust  oft^un  t- xtuudiiig  for  uiilux.  TIk?  cnidv  wiila 
or  "Bzekso"  is  uoHvctud  by  scraping  tlie  surface,  tbo  beat  time  for  t]ii» 
operation  bt^ing  tliR  early  morning  before  tmnrise,  partlcidarly  iu  tli« 
spring  and  when  much  dew  bas  forme^l,  nn  the  inat<irial  isollect«d  iIiniDfl 
the  day  is  onuHlilered  to  bu  poorer  in  saltjt.  Aa  thu  crust  U  tldu  Hid 
iDRch  of  the  soil  ia  gathemi  with  it,  the  product  is  a  grayish  itWb 
earth  ;  Mils  is  sold  tu  the  rellnwrs,  wLosi-  i>iily  tfst  for  its  value  was, at 
the  (late  of  the  description,  the  Hharpnese  of  tbe  taste.  Moser'gins 
the  following  analysis  of  the  Hzekno  as  gathered: 

Soiia,Na.jO ftttt 

Potiisb,  K.-0 3.13 

Liiutt,  CilO - 2. 72 

MnjjDuHiii,  Mk<> Trace. 

Aluwinn,  Al:«i    2.33 

SuLphiirio  nuiil,  .SO, 3.W 

Biliua,  SiOj 1.04 

W.it.ir,  H;0 15.50 

Iiiw>liililo(nuiiil,  rtc) 54.99 

Carbimiu  aii.l,  VOi 8.79 


In  the  rcfinerie.'s  the  earth  is  teachcd  nntil  the  aoda  taste  is  uoloogBi 
iwrceptiblc,  giving  a  dark-brown  solution  containing  sodiam  carixmatei 
sulphate,  ami  chloride;  this  ia  evaponited  to  drynents  and  calciuetl,  f^ 
mass  being  ultimately  heated  to  complete  fusion,  and,  when  partly  codeJi 
drawn  from  the  ftirniice.  The  product  when  cold  is  broken  upaodsent 
to  market. 

I  Wi-iuur :  A.  Ji"rt.  f.  VT.vkt.  Chemie,  vol.  13,  1836,  p.  l^T. 
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Scbapringer^  gives  the  tbllowiug  analyses  of  two  samples  of  this  soda. 
'So.  1  is  said  to  have  beea  made  by  evaporating  the  leachiugs  an<l  dry- 
ing tbo  prodact  in  the  air,  while  No.  2  is  said  to  have  been  obtained  by 
ealcining  No.  1 : 


Sodiam  narhoiiaio,  XasCOs 
Sodium  cliloriUe,  XaCI  — 
Soillum  Atilpliatn,  NaiSC>4  . 
Calcium  carbonate  CiU2i  >3 . 

Sand,  clay,  etc 

Water 

Loss 


Xo.  I.  '  Xo.  2. 


28.87 
31.00 

.m 

.39 
.41  ! 
30.04  ! 
.10 


40. 2-. 
53.03 

.15! 
1.54  ■ 
1.45 

2.09 ; 

.29 


100.00     100.00 


It  is  difiicalt  to  understand  tliese  analyses,  since  No.  1,  if  airdried, 
cooltl  not  contain  the  amount  of  water  here  given,  and  if  calcined 
could  not  yield  a  product  of  the  composition  of  No.  2  which  is,  at  best, 
very  impure  and  of  but  little  value.  The  analysis  of  tho  szekso  shows 
no  chlorides,  which  is  also  remarkable,  when  we  consider  the  origin  of 
this  soda,  which  has  l>een  discussed  by  Szabo  and  Moser.'"'  According 
to  them  the  sandy  soil  contains  a  large  proportion  of  so<la  minerals 
which  decompose  through  the  joint  miction  of  carbonate  of  lime,  water, 
and  air.  The  lime  fumishes  carbonic  acid  to  the  soda  which  is  dissolved 
in  tiie  watev*  with  which  the  ground,  in  wint-er,  is  saturated.  As  the 
sammer  approaches  and  the  ground  becomes  warmer,  the  decomposition 
increases,  while  the  water  rising  to  the  surface  and  there  evaporating 
leaves  its  salts  behind. 

Owing  to  the  rude  methods  of  refining,  with  consequent  variations 
in  composition,  and  the  increasing  cost  of  collection,  the  Ilungarian 
soda  has  not  been  able  to  compete  with  the  artificial  product,  and  now 
SQppUes  only  a  limited  local  consumption  in  the  manufacture  of  the 
celebrated  Szegedin  soap.  Its  history,  however,  is  interesting,  since 
we  have  in  the  West  many  occurrences  of  so<la  similar  to  those  of 
Hnngary,  and  it  would  seem  at  first  sight  jis  though  they  could  bi^ 
utilized;  but  if  in  a  country  of  such  low  wages  as  FTungary  the  cost  of 
collection  is  too  great  we  can  hardly  look  for  much  success  in  attempt- 
ing similar  processes  at  home,  unless  we  can  find  deposits  comparatively 
pure  and  of  considerable  thickness.  In  default  of  such,  we  can  expect 
satisfactory  results  only  from  the  waters  of  the  soda  lakes,  in  which 
lUitare,  having  performed  the  leaching  jirocess,  has  collected  and  c(>nci»>n- 
trated  the  salts. 


*  Schapringer :   DinKl«*r.  Polyt.  Jour.,  vol.  IbO,  p.  VX>. 
^Bzabo,  J.,  and  MuHor,  J.:  Wagner's  Jabronber.,  ISOi,  p.  223. 
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TUe  8i>ila  lakeH  of  Kjjypt  have  boen  (inscribed  by  D'Arc«t'  mid  by 
Rustiegger.'  They  are  uiuo  in  uumbor,  in  the  lldsort  of  i>t.  Mocwriun, 
sixty  miles  northwest  of  Cairo  and  about  thirty^  miles  from  the  Nile, 
ami  are  mtofttotl  in  a  amall  valley  running  northeast  and  soiitbwesL 
The  largest,  Neliel^,  18  live  iiitle*  long  by  one-and-a-half  widfi,  with* 
niaximuui  depth  of  30  feet.  On  the  easturu  «lile  of  the  viilley  an 
a  number  of  weak  brine  springs  (some,  indeed,  being  fresb)  which  feed 
these  lakes  in  which,  having  no  outlet,  the  couuentration  iseoutiDiiid, 
varied  only  by  the  annual  rise  and  fall.  Bufsegger  observed  that  tb« 
lakes  riHB  wtieu  the  Nile  is  foiling  and  fall  daring  its  rise,  and  BfU':rihea 
this  i>artly  to  the  rains  which  occur  during  the  decrease  of  tlie  riv 
and  partly  to  the  supposition  that  the  rise  of  the  river  is  suDleient  ta 
overflow  the  divides  of  the  clay  formation  which  underlies  the  di; 
sand,  and  the  water  then  flows  through  the  sand  to  the  Ion  est  point* 
of  the  valley  in  which  are  the  lakes.  As,  however,  it  takes  niuch  timfl 
for  the  waT«r  to  travel  that  distance,  the  lakes  are  not  reached,  »td 
therefore  do  not  rise,  until  the  end  of  the  high- water  season. 

Tlie  surfiwe  of  the  country  is  the  desert  sand,  under  which  is  a  layer 
of  blackish-gray  chiy,  20  feet  thick,  resting  upon  a  tertiary  sandstona 
This  clay  is  strougly  impregnated  with  chloride  of  sodinni  and  cAiriei 
mach  gypaaiD,  the  quantity  of  both  Baits  being  mach  greater  in  tl»< 
lower  tliiin  in  the  ni>per  part ;  it  also  (contains  much  t-arbonat''  of  Hmft 
Tlie  gypsum  is  either  scattered  in  single  crystals  through  I  he  whole 
mass  of  tlie  clay,  or,  esiiecially  iu  the  lower  piirt,  iuterstratiticd  with 
it  iu  thin  hiyers  intermixed  with  desert  sand  and  common  salt,  furmine 
a  kind  of  gypsum  sandstone. 

The  lakes,  formed  by  the  leiiching  out  of  the  soil,  are  therefoix'  tstron  £ 
solutions  of  chloriile  of  .sodium  contuiiing  in  addition  varyiu;;  projm*" 
tions  of  carbonate  and  sulphate  of  sodium.  During  the  dry  seaaot* 
the  smaller  lakes  dry  np  entirely,  leaving;  on  the  bottom  a  sail  crnst  r:* 
the  composition  of  the  entire  lake ;  the  larger  lakes,  on  the  other  baniF 
do  not  dry  up,  but,  as  they  bce.inne  more  concentriited,dej)(»sit  salt  crnst^ 
the  composii  ion  of  which  depends  upon  the  percentage  of  carbonate  o 
sodium  in  the  water. 

In  aoKip  or  tlid  hikes,  liottiim  ili^positn  arp  naiil  to  hnvn  j;radiiiilly  formcil  whcmr" 
ii|<|>(^r  iinrtloTi,  III  I'.'ut.  tliir'k,  I'litiHlstH  eHitnntinlly  of  Hoiliuiii  dilnriilu,  niiilitt  Ibn  loire* 
mil',  IT  fuut  tliirk,  ci'iituiiiri  siiiliiiin  nirlKiiiiiUt.  Tim  ubove  inentioiieil  nniNtH,  nhicW 
iini  ir>  l<>  IS  iuclii'Et  lliic.'k.  an:  piisliiMl  nil'  liy  mi'aiiH  of  |>»1i;it  iinil  Biia<li>»,  Hpr>-:ul  out  t<^ 
dry  on  tliv.  Iiiiiik:'.  .'iml  rMrrl.-.l  in  liLiiki'l.t  t.i  tli«  Nil.',  nlionce  llii.>  Kalt.  U  Nbi|i|iwl  U^ 


,   IH-I,-,,  vnl.  ill.     l)iuj-kT  I'olyt.  Jour,,  voU 

l.-fi,  p.  :wo. 

I..I.  U,  IrisO.  p.  arfi— Kivps  "five  milw "  a« 

t.-H  '■Liinii.T.T,  WajT'i'-r's  .labnwb.  1858,  p. 
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other  parts.  It  is  calleil  ^'latronf  in  tho  Lovant  and  in  Greece ;  the  Egyptians  use 
it  to  soften  their  very  hard  drinking  water  by  precipitating  its  lime  and  magnesia 
■alts,  the  water  being  afterwards  tiltered.  Its  principal  nse  is  in  Crete  for  soap 
making.    From  Alexandria  yearly  about  2|500  tons  are  exported.^ 

This  soda  has  been  analyzed  by  Bemy,'  who  describes  the  sample  as 
bright  i^y,  crystalline,  effloresced  on  surface,  slowly  soluble  in  cold 
water,  more  rapidly  in  hot,  leaving  a  little  residue  ]>artly  soluble  in  hy- 
drochloric acid.    The  analytical  result^s  are  as  follows : 

Sodium  chloride,  NaCl 8.  IGO 

Sodium  sulphate,  Na^SO^ 2. 147 

So<lium  silicate,  N.-ViSiO, 28r^ 

Sodium  sesquicarbonate,  NaiHiCiOu 47. 21)2 

Sodium  carbonate  N}iaCO:i 18. 43() 

Calcium  carbonate  CaCOs 20<) 

Water 19.(;<»i» 

Insoluble 4.  KXJ 


100.21)2 
ARMENIA. 

As  described  by  Abich,^  the  lakes  of  the  Araxes  plain  in  Armenia 
lie  in  the  volcanic  region  of  Ararat  and  show  a  great  variety  of  <;()inpo- 
sition.  The  lake  of  Tasch-Burnn  is  situated  on  ^^the  most  distant  of 
the  lava  masses  which  have  broken  out  at  the  northwestern  base  of 
the  Great  Ararat,"  and  its  water  carries  6.GG  per  cent,  of  salts,  mainly 
sodium  chloride  as  shown  by  analysis  No.  1.  Analysis  No.  2  ^ives 
the  composition  of  the  crusts  which  are  deposited  on  the  shore  in  hot 
weather;  these  attain  a  thickness  of  a  half-inch  and  are  of  a  reddish 
color. 

Other  lakes  are  found  southeast  of  Little  Ararat  among  the  volcanic 
lavas  of  this  mountain.  One  of  these  lakes,  remarkable  for  the  reddish 
color  of  its  water,  lies  on  the  left  side  of  the  valley  close  under  the 
steep  declivities  of  the  greatest  heights  of  the  Gundusdag  range  whi<>h 
is  fomiocl  of  sandstone,  dolomite,  slates,  and  limestone  and  is  broken 
through  and  shattere<l  by  a  red  quartz-porphyry.  The  surface  of  the 
country  is  a  whitish  clay,  sui)porting  a  strong  growth  of  so<la  plants. 

The  shore  of  this  lake,  which  is  iibout  a  mile  in  circumference,  is  very 
soft,  so  that  walking  is  difficult,  and  is  covered  with  crusts  of  a  hard 
reddish  salt  having  a  laminated  fracture.  The  crusts  extend  out  upon 
the  surface  of  the  lake  and  portions  are  floating  upon  it,  so  that  the 
whole  looks  as  though  it  were  about  to  freeze.  Soundings  showed  that 
cmsta  had  also  formed  on  the  bottom,  apparently  covering  the  whole  of 
it.  Tlio  water  contains  3(>.()3  per  cent,  of  salts,  the  composition  of  which 
is  shown  by  analysis  No.  3,  wliile  No.  4  is  the  composition  of  the  bottom 
crusts,  and  No.  5  of  the  Heating  i)ortions. 


'  Lnnjjc:  Snlpluiric  Acid  and  Alkali,  vol.  2,  p.  2H6. 
-Kcniy:  Journal  fUr  prakt.  Clieniie,  vol.  57,  p.  321. 
'  Abi<:b  :  Junr.  fiir  prakt  Cbemie,  voV.  *^,  p.  4. 
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The  heavy  bottom  cnisto  are  described  as  bctug  composed  of  8ucc««* 
Bivu  lityt^rs,  uneh  of  which  U  ii  very  solid  radiuted  ftj;j;rt.-giiUi  of  crystaU; 
the  red  coloriug  matter  is  deposited  between  the  lay<.'i's,  which  adhitre 
eiosely  together.  The  flouting  crusts  have  nearly  the  name  comjiaHitioii 
and  stnictiii-e,  but  the  layers  are  ninch  thinner  uud  the  nalt  in  almoMt 
white.  The  aniilyseft  are  remarkable  as  showing;  tlmt  not  otily  the  huI- 
phate  but  iil-so  the  earboiiato  has  erystalli^ed  aliuoHt  fne  from  WAt«r. 
Abicti  eoncIudeH  that  this  iH  due  to  the  formation  of  a  "double  Rnlt^of 
Hodium  xnlphate  ami  carbonate,  for  which  he  proposes  the  miueral  nnue 
"makite."  In  the  vicinity  of  this  "red  lake,"  are  a  number  of  sudU 
pools  of  a  wine-yellow  color,  but  witboat  salt  crosts.  The  witter  of  oue 
of  these  contained  34.71  per  eeait.  of  salts  of  the  composition  of  analysig 
No.  5.  Other  lakes  are  mentioned  in  the  original  pajwr,  but  the  waten 
were  poorer  in  sodium  carbonate  and  ttulphate  and  richer  in  sodiam 
chloride. 


Ho.1. 

».» 

H0.S.  1  Ho.*. 

H.M. 

Sal. 

TMefa-Dnran. 

RoILrIul 

..— 

w.*». 

W««r. 

111.30 
74.91 

Cmi«U. 

l&OS 
G1.4« 

Wntor. 

to.n 

Uni 

1.12 

Lfi 

S«liiim  mlpl.n.,'.  N%SI.1( 

ro,08 

IWI.3,1 

M.gg 

IM.SU 

aa.K 

MM 

The  views  of  Abich  as  to  the  mode  of  formation  of  these  salts  v 
be  given  in  the  section  treating  of  the  origin  of  natural  sodn. 


This  locality  is  describeil  by  Palacio  Fax.ir'  as  being  in  a  valley  named 
La  Laguuilla  in  the  province  of  Marncaibo,  48  miles  from  the  city  of 
Merida.  In  the  center  of  this  valley,  the  soil  of  which  is  said  to  coti- 
Stat  of  limestone,  lies  a  little  lake  which  in  the  rainy  season  hasaleDj^b 
of  aiO  meters  and  a  breailth  of  106.  Althougli  its  greatest  deplli  i» 
not  over  3  meters,  it  never  dries  up  entirely  even  in  the  driest  seasons. 
The  water  is  yellowish -green,  has  a  soapy  feel,  an  alkaline  taste,  and  a 
peculiar  smell.  During  the  hot  season  a  salt  crystallizes  on  the  bottom. 
This  salt,  called  urao,  is  collected  every  two  years  by  the  Indians  of  tbe 
neighborhood,  who  obtain  from  100,t)00  to  ltiU,00t)  pounds,  accordiup'o 
the  demand,  which  is  for  the  manufacture  of  mo,  a  dried  extract  of  H*- 
bacco  used  by  the  natives  as  a  stimulant. 

'Faxat  :  Ann.  de  Cliiiiiio,  Her.  it,  vol.  2,  p.  432.     AIhu,  Put;i;.  Auu.,  vol.  T,  p.  101- 
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le  Indians  obtain  the  salt  by  diving  for  it,  and  the  peculiar  manner 
hicli  this  is  done  is  thus  described  by  Boussingauit:^ 

collect  the  nrao,  the  Indians  make  an  excavation  on  the  bot  toui  of  the  lake, 
»1  meters  in  extent,  and  plant  therein  a  stake  14  to  16  feet  long,  the  upper  end  of 
h  reaches  above  the  sarfaoe  of  the  water.  When  this  is  accomplished  an  Indian 
ig  upon  this  stake  places  the  end  of  a  second  one  upon  the  deposit  and  holds  it 
certain  ioclination.  As  soon  as  this  is  done,  a  second  Indian  glides  down  the 
led  stake,  planges  beneath  the  surface  of  the  water  and  after  the  lai^se  of  a  few 
tes  retnms  with  a  portion  of  the  salt.  According  to  tho  information  we  have 
ved,  tbe  deposit  of  urao,  which  is  not  very  thick,  is  covered  by  a  layer  of  mate- 
lontaining  crystals  of  oalcite.    Above  this  is  a  bed  of  ooze,  one  meter  in  thiok- 

le  excavation  spoken  of  in  the  beginning  of  this  extract  is  appar- 
Y  made  for  the  purpose  of  removing  these  upi>er  layers  ;  the  crystals 
o-called  calcite  were  later  shown  to  be  gay-lussite  Na20O3,0aCO3+ 
0;  and  the  inclined  i)olc  is  used  to  enable  the  diver  in  such  a  dense 
tioD  to  reach  the  bottom.  Concerning  this  water,  Boussingault  very 
ously  says :  ^<  The  water  of  the  lake  is  only  slightly  saline ;  animals 
k  it  with  pleasure." 

s  the  water  is  necessarily  a  strong  alkaline  mother  liquor,  6ften 
pletely  saturated,  it  is  evident  that  this  statement  is  incorrect, 
ar  (loc.  cit),  more  accurately  says  of  the  divers :  "  Their  death  is  in- 
able  if  they  swallow  a  cert«T.iii  quantity  of  the  water." 
e  alBO  says  that  the  action  of  the  water  reddens  the  hair  of  the  divers, 
tie  Urao  is  described  by  Boussingault  as  "  crystallized  in  prismatic 
lies  arranged  in  radiating  masses ;  a  little  softer  than  calcite.  Taste 
Jine ;  does  not  effloresce."    Ilis  analysis  is  as  follows : 

Carbonic  acid,  CO« 39.00 

Soda,  Na^O 41.22 

Water,  HiO 1H.80 

Impurities 98 

100.00 

NORTH  AMERICAN   LOCALITIES. 

le  various  exploring  and  surveying  expeditions  sent  by  the  Gov- 
aent  into  the  region  of  the  Great  Basin  have  to  some  extent  ex- 
led  and  reported  upon  the  alkaline  deposits  and  lakes  lying  within 
range  of  their  labors.  Private  prospectors,  also,  recognizing  the 
re  value  of  these  salts,  have  not  overlooked  them,  especially  when  the 
d  development  of  the  borax  industry  caused  every  accessible  Salt- 
er marsh  to  be  scrutinized  and  tested  for  that  substance.  In  this 
natural  soda  has  been  found  iii  many  places,  but  the  absence  of  the 
issary  transportation  fiicilities  has,  until  lately,  rendered  any  plan 
he  utilization  of  the  soda  a  matter  of  the  future, 
''ithin  the  past  few  years  the  railroad  facilities  through  this  region 
3  greatly  increased  and  are  continually  extending,  so  that  some  of 

^BousHingault  :  Ann.  de  Cbimie,  »er.  2,  vo\.  ^^  ^,  WSS. 
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tliu  more  promisiQg  localities  are  vitbiu  easy  reach.  The  couHiimptioii 
of  80tla  ill  tilts  comitiy  is  already  gn;at  iiud  i«t«a<lily  growing  larger, 
and  it  remains  for  tc«?.Liil4;al  skill,  supported  by  capital,  to  develop  the» 
rflBonrces  and  to  oonvcrt  a  hitherto  valueless,  even  obaoxioiu,  materiitl 
Into  a  Bonrce  ol'  wealth.  That  this  can  be  done  there  is  no  reasoiiabls 
doubt;  that  it  will  be  done  should  not  be  doubtful  to  any  one  who 
knows  the  activity  and  enterprise  of  onr  people.  The  advantages  tloW' 
ing  from  a  successful  prosecution  of  such  nn  undertakiiif;  are  rcagied 
not  only  by  the  oj^erators,  Viut  also  by  the  entire  section  of  connlry  in 
which  the  work  is  carried  on,  and  as,  except  in  some  favored  localities, 
uatui-e  has  not  be«n  bouutiful  to  this  region,  well-directed  art  mast  ex- 
tend its  aid. 

The  expense  of  the  necessary  preliminary  investigations  is  eonside^ 
able,  bnt  without  these  capital  can  hardly  be  expected  to  take  any 
decided  steps.  A  great  deal  of  information,  iu  Ihe  aggregate,  has  lieeo 
gathered  by  various  observers,  bnt  scattered  as  it  is  through  rariout  j 
publications  it  is  not  reatlily  available.  It  has  therefore  been  deemed  ' 
advisable  to  bring  this  knowledge  together  so  that  we  may  have  a  proper 
Btartihg  point  for  future  work. 

In  proceciliQg  U>  describe  the  localitiea  within  the  boundaries  of  tlit 
United  States  only  those  oimceruing  which  we  have  reliable  informft- 
tion  will  be  t^tttHidered,  and  it  will  be  found  that  their  number  auil 
variety  are  great  enough  to  furnish  types  for  any  others  which  future 
investigators  may  bnug  to  notice. 

Wi/omin0. — Along  the  line  of  the  Union  Pacific  Railway  in  the  Terri- 
tory of  Wyoming  are  several  pl:ices  where  natural  soda  is  found.  Tlie 
best  description  of  these  is  the  following,  from  a  paper  on  "  Glass  Ma- 
terials,*"  by  Jos.  D,  Weeks,  published  by  the  Geological  Survey  in  the 
"Mineral  Resources  of  the  United  ytiites,  Ciilen<lar  year  1885": 

Tlio  Hoila  pmpcii.y  j;i>iinrn1ly  kiicuLvn  an  tlir  "  iritian  Pacific  Lnkoo"  lies  aboot  13 
in]t<>8  nearly  line  aoiitli  ot  Liiiamlo  iind  ia  ruiulird  by  n  branch  iif  tLu  lliiioii  Pncrfic 
Rnilway.  TlieiimiinM.v  iiiiil'rMii.H  mouic  a.DOO  acruM,  incliiiling  five  "  lakes,"  iu  »ll 
liiitnao  nf  nhicb  tlm  a<»in  in  Hitliil.  Tlie  lakcn  arc  conaected,  und  aeeni  to  dr«n  one 
into  another.  Alt  of  tliuanil  iio.ir  Laramie  in  lucre  or  leiui  imp  regnal  ei  I  wllhlh»iul- 
pliatn  of  soda,  anil  the  coniiiioii  sonrcoti,  it  ia  beliove<l,  are  aprjugs,  water  from  wllich 
beam  large  percentagrH  of  soitn  Baits. 

Till' phjaical  condition  of  the  eoda  in  the  lakoa  variea  mticb  with  the  season.  Id 
wot  years  the  Boda  in  almost  lluiil,  while  in  dry  yeara.  in  all  bnt  one  of  the  lakM.  " 
in  solid  and  in  this  ouo  it  occiirH  lua  uatiirated  aolntion.  In  the  solid  lakes  tbaiodi 
contains  many  thin  layera  of  mixed  clay  and  aoila.    Aualyaisof  saanipleof  tbisinii'' 

.^nal^'i"  of  depoiiu  of  iroita  mIU  al  Laramie,  Wyo. 

ParrmL 

Iron,   lime  maKMoaia 2i.:a 

AInmina,  Noila,  hydrochloric  and  an Ipliurio  acids AQ.ifi 

Silica n6.«V 

Organic   matt«T ,, trad*. 
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Theoodft  when  taken  pnre  contains  large  quantities  of  water,  which  fact  interferes 
aerioaBly  with  its  employment  in  the  mannfactare  of  sodium  hydrate. 

Its  composition  only  varies  slightly,  and  the  following  may  be  taken  as  typical 
analyses: 

Average  analyeis  of  soda  deposits  near  Laramie,  JVyo, 


No.  1. 

Per  ct. 
44.55 

54.08 

No.  2. 

No.  3. 

Peret. 

39.  78 

59.66 

.56 

Sulphate  of  soda 

Water     

PercL 

41.41 

Insolable  matter 

.47  ,      3.80 

100.00     lUO.OO 

.1 

100.00 

These  lakes  are  the  only  ones  from  which  soda  is  being  takeu  for  ase. 

The  soda  works  near  Laramie  were  bailt  by  the  Uuiou  Pacific  Railway  and  leased 
to  Mr.  Howard  Hinckley.  The  process  used  is  the  old  *'  black  ash"  with  Htationary 
furnace.  The  capacity  of  the  works  is  about  2  tous  of  sodium  hydrate  per  day.  The 
capacity  of  the  furnace  is  3^  tons  of  sodium  sulphate  per  day.  Rescre-ncd  coal  from 
the  Rock  Spring  3dine  is  used  and  the  limestone  uecessary  is  obtained  near  Laramie. 
The**  black  balls,"  formed  of  the  fused  soda,  coal  and  limo,  are  broken  up  and 
washed  in  four  lixiviating  pans,  and  the  liquor  is  then  taken  to  two  settling  vats. 
Thence  it  is  drawn  to  the  **  causticizer/'  which  is  a  large  circular  tank  in  which  are 
two  perforated  vessels  containing  caustic  lime,  around  which  the  solution  of  Hodium 
carbonate  is  agitated.  After  the  causticising  the  liquor  is  passed  through  three  long 
circnlar  iron  settlers.  The  clear  liquor  is  then  drawn  to  the  "  V-puu/'  where  waste 
boat  is  used  to  aid  the  evaporation  of  the  solution.  The  slightly  concentrated  liquor 
is  then  drawn  to  the  **  boat  pan,''  which  is  set  upon  the  reverberatory  furnace.  The 
evaporation  is  then  continued  as  long  as  possible,  and  the  now  concentrated  solution 
is  then  drawn  to  another  room  into  the  **  finishing  pot.''  This  is  a  large  cast-iron 
pot  set  directly  over  a  furnace.  Here  all  remaining  traces  of  water  are  driven  off  at 
a  low  red  heat.  The  hydrate  at  this  stage  is  generally  black  and  small  quantities  of 
niter  are  added  to  the  fused  mass  to  whiten  it.  The  hydrate  is  then  ladled  into  sheet- 
iron  vessels  and  shipped.  Some  of  the  Laramie  caustic  soda  has  been  used  by  the 
Denver  Soap  Company,  which  reports  favorable  results  from  its  use.  The  works  at 
Laramie  are  not  well  adapted  to  the  most  economical  handling  of  the  soda.  Improve- 
ments are  now  being  made  by  which  the  number  of  men  employed  will  be  greatly 
reduced  and  the  composition  of  the  '*  black  balls  *'  be  made  more  uniform. 

When  the  soda  works  were  first  begun  it  was  supposed  that  the  natural  occMirrence 
of  the  material  as  a  sulphate,  rendering  unnecessary  the  reduction  of  the  chloride  to 
the  form  of  a  sulphate,  would  greatly  decrease  the  ultimate  cost  of  the  eauHtic  soda; 
but  it  was  found  that  the  very  large  quantity  of  water  present  in  the  soda  avS  it  comes 
from  the  lakes,  more  than  ofifnet,  by  the  trouble  and  delay  it  cost  in  the  furnac(\s,  the 
gain  in  the  natural  form  of  the  soda. 

The  Laramie  works  produced  from  .July  to  January,  1885,  about  30  tons  of  caustic 
soda.  Defects  in  the  plant  have  caused  great  delay  and  loss  of  some  of  the  eaiistic 
soda,  and  it  has  been  decided  to  close  the  works  until  alterations  now  being  made 
can  be  completed.  The  lessee  of  the  works  states  that  good  reports  of  the  caustic 
8oda  have  been  made  by  users  of  it. 

The  "Donney  "  soda  lakes  are  situated  about  18  miles  southwest  of  Laramie  and 
are  three  in  number  covering,  with  the  land  included,  approximately  r>*2()  acres.  In 
one  lake  the  deposit  is  11  feet  thick  ;  in  the  others  it  is  5  to  <>  feet.  The  .soda  from 
these  lakes  is  similar  to  that  from  the  Union  Pacific  lakes  and  there  HetMn.s  to  be  an 
underground  connection  between  the  two  grouv^s.    1\\  V\ot\w^  axi  «ix\««va\\  >^v:^^.  \v»ax. 
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The  toils  ilnpOHitH  in  ('arbon  Cotiiit?  oro  nitiiuted  ia  tlit-  Sweet  Wa'ur  vulluy,  dut 
DdepeDileoce  Rnck,  and  aru  nearly  TiO  milen  rliii>  north  of  ftnvrlinit.  Tbivw  dBiHwl* 
ontaia  l«)th  oarboiintn  ami  enlpliBtB  of  autlii,  and  oro  gcnentlly  kuowii  jm  tho  "  Dn- 
■ont  Laktw."  The  Ukiw  are  four  iu  numbnr,  anil  vary  trttm  11  tn  3.000  acres  in  iin», 
nd  are  held  Uy  UniUMi  Sliilcn  pat«ul«  in  tbn  namo  nf  L.  Diii>nnt.  Thnrc  arc  &n 
laimakuowa  aa  the  "Msw  York  Soda  Mine,"  lUO  acnta]  thn  "r[iil>i<lnlptitm"Wl 
be  "Oinabii,"aO;  the  ■■  Wlliuingtoti,"  IHO,  nnd  the  "  Wllkealinrro," -JO.  TlH-Omiba 
tidn  miUK  ineluflBH^  acrnH,  of  whiub  Ti  nre  coveroil  witL  carbonate  ami  snliitutlcof 
oda,  Diixed  with  n  litfle  cblnridti  of  nndintn  and  aaud  blown  iu  frum  the  oin nintiillni; 
nil.    Sevnrftl  bora-bolea  were  ptit  down  and  fibow  an  uvorui;u  tbiekutwa  of  alimtlll 
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The  Wilkesbarre  claim  is  abont  one  mile  weetof  the  Omaha,  and  thesmla  is  in  soin- 

kioD.    SampleH  of  this  solution  showed  by  analysis : 

Per  cent. 

No.  1,  NusCOs  grains  per  gallon— 3,728=6.39 

No.  2,  NasCOs  grains  per  gallon— 4,905=8. 40 

The  Wiiminj^ton  claim  is  located  one-qaarter  of  a  mile  west  of  the  Wilkesbarre, 
and  covers  160  acres.  The  soda  here  is  also  in  solution.  Its  depth  has  never  been 
determined.  It  has  been  sounded  with  a  40-foot  rope  without  finding  bottom  in  the 
center.  A  sample  of  this  solution  contained  2,343  grains  per  gallon  (4.01  per  cent.) 
A  sample  which  had  crystallized  out  by  cold,  when  dried  showed : 

Chloride  of  sodium 1.83 

Sulphate  of  soda 39.04 

Carbonate  of  soda 59.00 

Insoluble  matter 9.23 

The  New  York  and  Philadelphia  are.  both  upon  one  lake,  which  is  solid,  and  is  4 
miles  west  of  tbo  Wilmington.  Two  bore-holes  have  been  put  down  in  this  lake. 
One,  at  a  distance  of  50  feet  from  the  shore,  showed 4  feet  of  soda ;  the  other,  at  a  dis- 
tance ot  230  feec  from  the  shore,  passed  through  14  feet  of  solid  soda  without  touch- 
ing bottom.    Three  samples  taken  from  this  bhko  Hhowed  as  follows: 


" 

No.  1. 

1 

No.  2. 

No.  3. 

2.52 
72.40 

G.ia 

19.03 

Chloride  of  sodium 

Sulphate  of  soda 

Carbonate  of  Moda 

Insoluble  matter 

1.83 
71.37 

3.10 
22.  tS2 

2.04 
44.77 

5.00 
47.50 

99.12 

99.31 

99.05 

*  Fifteen  mile«  fn>iii  these  soda  deposits  good  limestone,  containing  2  per  cent  of  mag- 
nesia, occurs  in  the  Soniinoe  mountains.  Near  the  limestone  is  ^  good  8-foot  vein  of 
coal.  A  comparison  of  the  analyses  from  the  Douney  and  Union  Pacific  lakes  and 
those  of  the  Dnitont  lakes  show  how  much  greater  the  percentage  of  carbonate  of 
soda  in  the  latter  is.  The  Swoet  WatiT  country  is  still  out  of  the  reach  of  transpor- 
tation, and  until  a  railway  is  built  in  this  directitm  these  soda  deposits  must  remain 
undeveloped. 

The  Wyomiag  occurrences  are  typical  sulpbate  deposits,  and  in  many 
respects  resemble  those  of  Armenia,  already  described.  Although  they 
all  contain  more  or  less  carbonate,  yet,  so  far  iis  we  now  know,  it  is  not 
possible  to  extract  the  carbonate  economically  by  natural  crystalliza- 
tion processes.  Under  the  most  favorable  circumstances  the  use  of  arti- 
ficial heat  is  necessary,  and,  as  stated  above,  the  native  sulphate,  owing 
to  the  large  proportion  of  water,  has  no  advantage  in  point  of  cost  and 
eivse  of  working  over  the  artificial.  Careful  and  systematic  study  and 
experiment  will  doubtless,  however,  develop  a  good  commercial  method 
for  the  treatment  of  this  material,  since  fuel  can  be  easily  obtained  at  a 
Mteiulily  decreasing  cost,  and  transportation  facilities  are  becoming 
greater. 

Proceeding  westwardly  from  the  Wyoming  deposits  one  finds  numer- 
ous occurrences  of  salts  more  or  less  alkaline  in  character.  Descriptions 
and  analyses  of  many  of  these  are  given  by  King  ^  and  Russell;*  but 


*Kiug:  GvoL  ExpJ.  40th  i)ara]lel,  vols.  1  auvVi. 
ffitmell:  Qeol  IJist.  of  J^aijo  L,aUouti]^i\  \J.  ^,  Qo^\,  ^\xxv^^^/^wvr^Q>^V 
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noflt  of  them  lu-e  only  Uiin  eRloi'UM.vii(;ee  nr  invratitnitfunM,  »a<l,  80  tH 
u*  wn  know,  uniit^  liiwc,  iiuy  commemiil  viiliio  until  wo  rvucli 

Tim  Kiulif  taken  at  Rai/biwn,  Necada,-Thv»»i  n)ui»rkiil)lo  alkuliiin  lakea;! 
H-  piiiiils  iiroduHuiibbdutlongtli  by  King  in  the  work  just  «it«!,'  aim 
jy  KiiM«ell,  Mouugrapb,  11,  pp.  73-80.  Fruta  the  latter  report  the  ft* 
uwinj;  (ixtmutH  arc  takeu  : 

On  tliuCumunilcanrt,  niionMi  iiiilca  nnrthoiulr  of  Ragtnwn,  are  two  ciniiilar  ilcpm-' 
UiliM  tliitt  um  parliitllf  Itlluil  (vltb  otruugly  alkalluu  waten  auil  ktinwu  im  l)i«  > 
^atiM  nr  RHt!tnwi]  Puiiila.  *  •  •  Tho  larger  lake  t»2fia  5  ac:n)S  in  ftrMi.  * 
Tbo  rlia  in  Ua  hij^buiit  port  riaeii  8U  feet  ubore  tbo  aiu-ruuuiliiix  ilcsert,  itiid  iH  Kin  fmt 
ligbiT  tliaii  Lli"  sarfitue  of  Ilie  laku  which  it  iiicloaes.  Th>>  onter  sluyii  uf  tl>n  ci 
^lli^^aiid  tiii?r|;i>s  uliuust  iiuiitirceiitllily  nitb  the  dexeTt  eiirfiioe ;  but  Ibe  iiiiiisT  i 
■  »liru)it,  anil  at  time«  appruoobea  the  perpend ioalnr.  A  series  of  cnrofnl  s(iuiuUd0 
[ivea  147  feut  as  the  gronteat  deiitb  of  tbo  lake.  Tbe  total  iloptit  of  the  riniirMuW 
K  tlinrefom  312  (e-et,  and  ita  bottom  U  233  feet  lonret  Iliao  the  gone-ral  siirfiice  of  tin 
iMcrtni^ar  itt  Iwnd. 

Tlio  Wftll«  oiiDiruling  the  laka  exhibit  well  cTpoaea  aectbnia  of  etralillMl  lupIQlj 
ulngleil  with  an  almudauce  of  aogalar  graiiju,  keruelB  and  maaBOBtif  biunlt,  ncniieof^ 
rkieli  Ute  2  aiitl  :i  fiwt  in  diamelar,  and  acoriacooaa,  ospeoially  In  Ibi'  interiar.  *  *  *  | 
riw  form  of  tbe  atioes  and  tbu  iiaturo  of  the  niateriala  of  nhieh  tliny  ure  mmpaMd, 
iwvt)  no  iluiibt  thiH  Ih  a  ernter  Hag,  vii,  a  low  cone  of  empliuQ  uonUtining  a  lai^gp. 
irator.  That  tbv  euutw  nurti  not  furmud  dnriug  it  single  cmptiun,  but  huTe  n  loug  andj 
lOinplloattnl  history,  and  are  pcrhapH  stiblaa  us  trine  in  their  origin,  is  elioirii  by  tbf' 
ilternatioii  of  (\|catcd  and  sRCtimciitnry  uiutorials  in  tho  erater  walla. 

"  Thtt  Biiialler  Isttco."  according  to  Hiigue,  "  in  most  of  ita  featnrei^ 
wars  a  close  resemblance  to  the  one  just  described  and  fr()m  which  iti» 
leparated  by  »  narrow  ridgn  only  an  (•ighth  of  a  mile  wide.  It  lias  tW 
sanie  crat«r-like  {lasin,  but  the  banks  are  not  more  than  60  or  70  Teet  in 
height  and  the  lake,  even  in  spring,  is  scarcely  more  than  one-fifth  of 
a  mile  in  diameter.  There  is  no  supply  of  fresh  water  from  the  snrface, 
and  at  the  time  of  our  visit,  in  August,  tbe  water  was  much  more  decse 
than  in  the  larger  lake.  Over  a  great  part  of  the  surface  was  fonnd  a 
thick  incrustation  of  trona  strong  enough  to  bear  up  a  man,  under  which 
is  a  greenish  slime  and  occasional  pools  of  water.  One  cbaracteristic 
feature  of  the  shore  is  the  green  and  purplish  tints  of  tbe  moist  sands, 
which,  upon  being  dried,  present  the  usual  earthy  colors." 

Tbe  trona  from  tbe  small  soda  lake,  upon  beiug  subjected  to  analysis 
yielded  tbe  following :  ^ 

Stilpbiito  of  soda 0,99 

Chloride  of  Hodinni 1.10 

Carbiiiiatoof  M>da 66.27 

Water  and  free  carbonic  acid 2».  83 

Insoluble  residae 3.81 

100.  ft) 

'Vol.  1,  p.  510—513;  vol.2,  p.  740— 750. 

■Hagne:  King's  Rep.  40th  Parallel,  vol.  2,  1877,  p.  749.  KiiBBell  (op.  cit,  p.73, 
note)  HayK:  "  Tbe  siualler  lake  (in  1B82)  had  been  so  changed  by  excavation  and  tbe 
constrnction  uf  evaporating  vata  that  ita  original  form  bad  been  destroyed.  Ittinf- 
/kcoisHO  feet  higher  than  the  larger\iikci«i4K>feel\ii\Qf"  the  general  desert  aatfcee- 
The  bigbDst  point  au  tbo  cratoi  tiuiwiiO  fafeli  a^iwi  Viift^^oVwixio^^.Vfi^-^waBiisttJ 
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Bagae  also  says  of  these  lakes  (op.  cit.,  p.  746) :  ^'  thoy  lie  below  the 
fe\  of  the  plaiQf  iu  which  are  probably  ancient  craters,  and  arc  not 
»aorved  autil  just  before  reaching  tha  brink."  King  (op.  cit.,  vol.  1, 
512)  considers  "  that  daring  the  period  of  the  occupancy  of  this  region 
f  Lake  Lahontan  •  •  •  these  crater-like  lakes  were  points  of 
Ltremely  i>owerful  springs  deriving  their  great  activity  from  volcanic 
mrcesy"  and  gives  his  observations  at  Mono  Lake,  to  which  we  shall 
ifer  later. 
Kassell)  on  the  other  hand,  says  (p.  74) : 

Tho  bypothesiH  that  the  orators  wero  fprmed  by  the  actiou  of  oxtromoly  powerful 
blacastrlne  springH,  as  advanced  by  Kin jr,  would  not  account  for  the  nature  uf  t\w 
aterial  forming  tho  crater  walls,  uor  tho  presence  of  the  nnmerons  volcanic  boiiibs 
at  deproas  the  strata  on  which  they  rest.  If  the  cavities  owed  their  origin  to 
rings  of  very  groat  magnitude  rising  in  tho  bottom  of  Lak*)  Lahontan,  it  is  evidiMit 
at  the  outflowing  waters  would  have  cut  channels  of  overflow  when  the  lake  ovap- 
ated  to  a  horizon  below  tho  riui  of  nnconsolidated  material  that  surrounded  tlieui ; 
It  the  crater  walls  are  now  continuous  and  unbroken  by  stream  channels.  On  tiio 
her  hand,  had  the  springs  become  extinct  before  the  evaporation  of  the  lako,  the 
.vitioH  they  formerly  occupied  would  be  bnried  beneath  lake  beds.  This,  as  our 
iservations  show,  is  not  tho  case,  but  both  the  inner  and  outer  surfaces  of  the  cone's 
o  free  from  lake  sediments.  The  latest  additions  to  the  cones  must  have  boon  of 
ist-LahoD tan  date.  *  •  *  There  are  no  streams  either  tributary  to  or  draining 
080  lakes ;  their  total  water-supply,  excepting  the  small  amount  derived  from  direct 
ecipitation,  is  derived  from  subterranean  sources.  Arouna  tho  immediate  shores  of 
e  larger  lake  there  are  a  number  of  fresh-water  springs ;  the  largest  of  those  is 
liaated  oo  tho  northern  border  of  the  basin  and  issues  from  a  suiall  fault  at  an  ele- 
ction of  about  15  feet  above  tho  water  surface.    As  the  lake  is  50  feet  below  tho  level 

the  Carson  Biver  at  its  nearest  point,  wo  may  safely  look  to  this  stream  as  the  prob- 
de  source  of  tho  water-supply,  which  reaches  the  craters  by  percolation  through 
.6  intervening  marls  and  lapUli  deposits.    The  bottom  of  the  lake  is  a  continuation 

the  slope  of  the  inner  walls  of  tho  crater,  *  *  *  is  a  fine  black  tenacious  mud, 
vring  a  strong  odor  of  sulphuretted  hydrogen.  When  exposed  to  the  air  for  some 
oie  this  material  loses  its  inky  color,  and  shows  itself  to  be  of  the  same  nature  as 
le  fine  dust-like  lapilli  that  form  a  large  i)art  of  the  crater  walls.  The  organic 
atter  impregnating  these  sediments  is  evidently  derived  from  the  millions  of  brine 
irimps  (Artemia  gracilia)  and  tho  larvsQ  of  black  flies  that  swarm  in  tho  dense 
kaline  waters. 

My  own  observations  in  the  summer  of  1887  were  confined  to  the 
Mshnical  aspects  of  the  mauafacture  of  sodium  carbonate  as  carried  on 
lere,  and  the  short  time  at  my  disposal  did  not  allow  me  to  take  more 
lan  a  cursory  view  of  the  formation,  but  I  have  little  doubt  that  Mr. 
nssell's  conclusions  are  correct,  since  they  are  supported  by  what  may 
B  seen  at  both  Mono  and  Owen's  Lakes. 

The  details  of  the  manufacture  of  soda  at  these  lakes  are  of  great 
itierest,  since,  as  they  differ  so  greatly  in  composition,  an  entirely  dif- 
)rent  method  must  be  employed  for  each. 

The  water  of  the  larger  lake  collected  in  1867  was  analyzed  by  O.  D. 
Jlen  (King's  Rep.,  vol.  2,  p.  747),  and  two  samples,  collected  in  1882 
Y  Mr.  Bassell  in  the  central  portion  of  the  lake  at  the  respective  dev>th& 
r  1  foot  and  XOO  feety  vere  ex^miaed  by  ^x«i,    ^^  x^xjW^^^^^w'^'^'^^ 
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igro»  very  well,  but  OlfTt-r  from  IIiomu  of  Allcu  tuitinly  iu  that  lie  jv\)otU 
[.ho  exiHtctK-t^ol'sulpliiilvs,  wtiilu  1  wim  utialilu  tu  fimlany.  If,  HHiMver; 
(>robAl)l<;,  A.n«u'it  Hiimpiti  was  Hhippud  to  liitn  in  a  keg,  the  prmeiin;  of 
4uli)hiilei)  i»  easily  acRounttKl  tor  liy  the  redaction  of  sulphates  by  tiie 
action  of  the  wootlen  reHHel,  since  «vury  8aui|ilu  of  alkali  water  seiittu 
ih\s  uSlco  in  kegtt  baH  shown  de^iomiiogitiou  with  reBultiiig  Bulphnrettwl 
byilrogen,  while  the  Bauie  material  shipped  in  glass,  oe  were  Mr.  Koa- 
HillN  waters,  wus  free  IVoiu  it. 

Tho  variatiouH  iu  eoni^uition  between  the  water  at  1  foot  and  tbat 
At  1(H)  fixit  may  iu  part  Iw  due  to  the  fa«:t  that  the  mother  liquors  of  the 
soda  works  are  riiu  back  into  the  lake.  Tbtuw  mother  liqnors  are  poorer 
in  cnrboiiiite  aud  i-icher  Iu  chloride  than  the  original  water,  and  may  in 
the  uoiii'su  of  yoiu's  hare  changtMl  the  rMimpouttiou  of  the  up[)er  pBrlof 
the  lake. 

The  reHiilts  ai-e  t^tated  in  grams  jmr  liter,'  and  the  hypothetical  cuni- 
binatioiis  between  the  uouslitiieuto  are  such  oh  they  may  reaMnftbl? 
be  vxpeuted  to  form.  The  colnmud  of  [lereentagea  show  the  relatiou  irf 
di«  couotituentH  to  each  other,  and  will  l>e  found  of  practical  value. 
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'  Thu  atiitenieiit of  resiillH  of  aualjju'H  uf  micli  waUrs  as  no  iiiau;  grammeB  to  tlw 
titer  IH  prufuriible  in  thu  iMiinl  iiiotliml  of  HtitliiiK  thi'inax  HDiiinii]-  )iartBp«rtbuuuiid 
w  per  miltian.  Aiiy  oiio  hnmlhiiK  Huvb  niiitiTijil  iiouuHHHrily  niuoiiureH  hia  Bolulioni 
by  volinno  and  liU  prmliicM  by  weigbt.  Tbo  iiiutrical  HynttMii  is  iiHcd  thruugliuiit  m 
ill  evury  rcapcct  iimru  iiroclical  fur  the  iiiiiiiufactun-r,  buing  not  ouly  a  decimal  tjOtm, 
but  a\ai>  Kiving  iiu  iiist.iiitaiiooiiti  ciinvBrHiim  fruui  nioaauru  to  n«i;;bt,  aud  vice  veon, 
witbout  tbo  labur  of  ualciiUtiim.  AisNtuall  variiitioiix  am  eoiautimua  met  witliiutba 
table*  founil  in  ordinary  liookh,  we  give  tbc  fullowin};  as  thn  \>ent  for  comiiariooii: 
A  liter  of  purp  water  at  4>C=  li)OOKrammeit=  1  kilo  =  2.2040  lbH.=  , 264131  U.S. 

Kallons,  lOOOkilos  =  1.I0-J3  ton  {2000  Iba.).    1  V.  S.  galloD  ^3.706  liters. 
1  iiielpr  =  31».:iT08  iucbus.     KWO  IitiT»  =  l  cubic  meter. 
Tbo  upecific  gravity  of  a  liquid  is  tbo  weiglit  of  a  Ii1«r  Id  grama.    Thna  a  lilet  ^ 
Bagtoiru   n-uter,   apecific   gravity   1.0395,  n-cit;rhB  1099.5  grams  and  a  cnbje  ineW 
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Uypothetical  oombiuation. 

Nt 

>.l. 

Per  cunt. 

.24 

.73 

3.73 

55.44 

14.86 

.31 

13.08 

11.61 

1             Nc 

>.2. 

Weight. 

.304 

.945 

4.808 

71.521 

19. 170 

.406 

1C.868 

14.089 

Weight. 

.310 

.945 

5.004 

68.057 

18.800 

.423 

15.484 

15. 631 

!  Percent. 

1 

'.2r, 

.75 
4.06 
54.88 
14.06 
.34 
12.32 
12.44 

Silica,  SiOt 

MagDeMiam  carbODatc,  M|^Os  — 
Potaanium  chloride,  KCl 

Sodium  chloride.  NaCl 

Smllnm  tmlnhate.  NiivSO* 

Soiliiiin.  I>iborate  (borax)  Na,B40,. 

Soiliuni  carbonaU",  KatCOx 

Sodiam  birarbonate.  NaHCds 

129.  Oil 

100. 00 

125.614 

100.00 

The  Ragtaum  Soda  Wc>rX».— Mr.  Russell's  monograph  contains  au  ex- 
cellent map  of  the  two  lakes,  drawn  on  so  large  a  scale  that  the  evapo- 
rating vats  and  their  arrangements  are  clearly  shown.  He  also  gives 
many  details  of  the  manufacturing  processes  employed. 

Two  sets  of  works  were  in  operation  at  the  "Big  Lake''  in  1887,  one 
beloniri"g  to  Griswold  &  Epperson,  the  other  to  Smith  &  Allen.  Both 
works  use  the  same  process  and  the  evaporating  vats  are  alike.  Owing 
to  the  narrowness  of  the  beach  it  was  necessary  to  build  the  vatiS  in  the 
water,  which  was  done  by  running  out  levees  at  right  angles  to  the 
«hore  and  connecting  the  ends  of  these  by  a  main  dike,  thus  forming 
xectaiigular  compartments,  which  by  use  gradually  became  practically 
water-tight.  Along  the  shore  back  of  the  vats  runs  a  ditch,  which  is 
kept  filled  with  lake  water,  and  from  tbi.s  the  vats  are  filled  as  needed. 

Certain  of  the  vats  are  used  as  '^crystallizers,"  the  rest  as  ^^evapo- 
rators.'' At  the  beginning  of  the  season  all  are  tilled  with  lake  water, 
and  a8  this  concentrates  it  is  drawn  from  the  evaporators  into  the  crys- 
tallizers,  so  as  to  keep  tbe  latter  at  the  proper  depth — about  l!i  to  15 
inches.  As  fast  as  this  is  done  the  evaporators  are  filled  up  with  lake 
water  from  the  ditch.  In  concentrating  the  brine  grailually  becomes  a 
deep  red  (see  page  95)  and  when  it  reaches  30^  Baum6  crystallization 
usually  begins.  From  this  time  on,  the  crystallizers  must  be  carefully 
watched  lest  the  soda  as  it  forms  should  be  too  much  contaminated 
with  sulphate  or  chloride.  There  is  no  simple  means  of  detecting  the 
formation  of  sulphate,  but  when  common  salt  forms  it  crystallizes  in 
minute  glistening  cubes  upon  the  surface  of  the  brine.  A  sudden  lower- 
ing of  the  temi)erature  generally  has  this  efiect,  which  must  be  remedied 
by  drawing  off  a  part  of  the  mother  liquor  and  supplying  its  phice 
witb  concentrated  brine  from  the  evaporators  or  even  with  lake  water. 
This  drawing  off  is,  of  course,  only  necessary  if  the  vat  is  already  full, 
otherwise  the  concentrated  brine  or  lake  water  is  added  directly  to  the 
vat  in  8uffi<5ient  quantity  to  re-dissolve  the  NaCl. 

The  crystallization  process  is  allowed  to  go  on  in  this  manner  until 
the  sheet  of  crystals  at  tlie  bottom  of  the  vat  has  grown  t\i\«^  ^\iQ.\i^^ 
BaU.  60 i 
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to  bo  flftsily  gathered  or  "  lifted,"  say  oue-balf  iDcli  to  1^  inches.  The 
mother  li((tiur  is  ttiL>ii  drawit  off  into  the  lak«,  aihI  the  vmp  Illtt^d  nml 
Btavked  up  to  (train.  Ah  this  soda  is  nimlo  (lining  the  ftuiumur  it  is 
kiiowti  as  "  Hniiinmr  Htnla,"  and  is  the  product  of  the  Big  Lake.  This 
i»  tliu  matfli'ial  called  in  King's  report  "troua,"  but  is  in  reality  "urao," 
as  will  bo  shown  by  tlie  analysis  ou  page  52,  In  the  proceHH  of  gather- 
ing the  urysUl  sheet  iti  broken  up  into  cakes,  which  aro  a  h»rd  and 
eompuct  aggregate  of  crystals  soiuetimes  well  formed. 

When  the  crop  is  drained  it  is  heated  in  a  furnace  tu  nMouvu  Ui# 
nater  of  crystallization  and  the  excess  of  carbonic  acid,  and  is  tljuo 
aacketl  and  shipped  as  "soda  ash." 

Tliu  funiaoe  is  a  single  hearth  rererberatory,  the  htu^rth  bed  beiuk' 
inade  o(  iron  plate.  The  &re  gases  pass  orer  the  charge  to  the  end  of 
Uio  hearth,  then  through  two  side  flues,  one  on  each  side,  under  tbe  imn 
;plate,  back  to  the  bridge  wall,  theuce  return  through  a  eenter  flue  to 
'tJie  end  of  the  hearth,  where  the  stack  is  placed.  The  eoda  is  diunpi^ 
throiigli  an  opening  in  the  top  of  the  arch  onto  the  hearth,  Rod  \» 
,«prciul  out  evenly  and  heated  for  three  hours,  and  then  stirred  froui 
time  to  timt!  until  it  is  entirely  dry.  The  fiirnacing  as  there  praotiwd 
ja  a  very  xiniplo  ojx^ration,  as  tbe  material  parts  with  itJt  water  readily, 
ntid  does  not  f\iae,  or  even  sinter,  unless  the  heat  is  too  high,  ami  this 
Is  easily  pi-evented  by  a  little  care  in  tbcstirring.     In  regular openiliou 

line  charges  are  worked  off  in  a  week ;  the  fuel  is  sage-brush,  gathered 
in  the  vicinity.  Annual  production  about  4ol)  tons,  but  this  could  eaHily 
be  made  much  larger. 

The  operations  at  the  Little  Lake  are  <M)ndttcted  on  an  entirely  diflereat 
Itrinciplo.  The  lake,  as  described  in  King's  report,  no  longer  exists,  but 
the  present  appearance  of  tbe  place  is  well  shown  in  Kussell's  map. 
In  tbe  center  of  the  depression  there  were  at  tbe  time  of  my  visit  (1337) 
four  large  but  shallow  pits,  besides  a  shallow  pool  somewhat  larger,  aud 
filled  with  fresh  water  from  tbe  small  springs  whieii  issue  from  the 
sidcH  of  the  crater.  Two  of  the  pits  are  used  as  crystallizera  and  are 
supplied  from  tbe  others,  which  contain  a  lye  of  about  12°  to  13° 
Baum^.  The  lye  is  formed  by  the  gradual  solution  of  tbe  -'ledge" or 
deposit  of  crystallized  sodinm  carbonate  which  exists  in  the  Ixittoia- 
No  analysis  of  this  ledge  has  so  far  as  is  known  ever  been  ma«le,  auii  in 
coiise(pii-nce  of  the  work  which  has  been  done  it  is  difiicuit  t«  o\itm 
specimens.  That  material  which  was  dug  out  for  me  had  a  close  reseni- 
btance  to  dirty  ice,  although  atone  time  itcould  be  obtained  in  iitassts 
of  considerable  size  and  (jnite  clean.  Its  appearance  and  the  nature  of 
its  solution  leave  no  doubt  that  it  is  a  natural  "crystal  soda"  orNaiCO, 
lOITjO  ill  a  comparatively  pure  condition. 

The  solution  of  this  deposit,  owingto  the  small  amount  of  bicarbooate 
present,  yield.-s  but  little  "summer  soda."  Tbe  concentration  therefore 
continues,  more  lye  being  added  from  time  to  time  until  cold  weathw 


CHATABD.)       '  NATURAL   SODA.  61 

sets  in.  Usaally  by  January  the  lyo  is  saificioutly  concentrated  and 
chilled,  resulting  in  a  copious  crystallization  of  '<  winter  soda"  or 
NajOOs,  I0H«O,  which  is  deposited  on  the  thin  layer  of  summer  soda  on 
the  bottom  of  the  vat. 

Wheu  no  more  crystals  appear  to  form,  by  which  time  the  deposit  is 
10  or  12  inches  thick,  the  crop  is  lifted  and  carefully  stacked  prepara- 
tory to  the  drying  process,  the  most  delicate  part  of  the  work.  The 
lOHsO  salt  contains  63  per  cent,  of  water,  and  parts  with  most  of  it 
with  great  ease  and  rapidity,  so  that  if  heated  to  33^0.  (OO^F.)  it  melts 
in  its  own  water  of  crystallization  and  becomes  a  liquid.  In  drying 
the  crop  great  care  must  therefore  be  exercised  lest  the  material 
should  become  liquid  and  much  of  it  be  lost. 

The  crop  is  therefore  kept  in  the  stacks  until  the  approach  of  warm 
weather,  wheu  it  is  broken  up  and  spread  in  a  layer  two  or  three  inches 
deep  on  the  drying  floors,  which  are  covered  with  light  sheds  open  at 
the  sides.  The  material  is  turned  over  from  time  to  time  and  the  lumps 
broken  up.  When  the  drying  is  completed  the  product  is  a  thoroughly 
effloresced  white  powder,  in  which  the  summer  soda  appears  as  small 
pieces  of  thin  cakes.    The  annual  product  amounts  to  about  300  tons. 

Before  giving  the  analyses  of  the  products  of  the  two  lakes,  a  few 
words  of  comparison  between  these  two  processes  will  aid  much  in 
giving  a  clear  understanding  of  the  meaning  conveyed  by  the  analyt- 
ical tigiires. 

The  analysis  of  the  water  of  the  Big  Lake  has  already  been  given. 
Fhough  no  analysis  of  the  deposit  of  the  Little  Lake  can  be  furnished,  it 
is  evident  that  it  must  give  a  solution  much  poorer  in  chloride  and 
sulphate  than  the  first  locality.    Let  us  see  why  this  must  be  so. 

When  Hague  visited  these  lakes  in  1868  they  had  never  been  worked, 
Aud  were  therefore  in  their  original  condition.  From  the  Little  Lake  he 
collected  the  material  of  which  the  analysis  is  given  on  page  46.  On 
the  shore  of  the  Big  Lake  there  were  '^  large  fields  of  dazzling  white 
carbonate  of  soda,''  a  sample  of  which  was  examined  by  O.  D.  Allen 
with  the  following  results: 

Water,  IlaO 19.90 

Insoluble  renidue 80 

Sill  [ikuric  acid,  SO3 73 

Chlorine,  CI 98 

Carbonic  Acid,  COvf 36.86 

Soda,  NaiO 40.55 

99.82 
Deduct  oxygon  =  CI 22 

99.60 

The  deduction  of  oxygen =C1  is  made  because  the  whole  of  the  Na  is 
calculated  as  oxide  Na^O,  whereas  that  part  combined  with  Ol\e»  v't^^'(K^\» 
asNa. 
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Tu  wiruport!  thCHO  two  aanlyaes,  let  us  valcDlate  the  liypotlif  tic-ul  Miffl* 
hitiatiuu  uf  tbix  laxt  analjKis  and  plane  it  side  by  sidv  with  tlit;  lint 
one,  iu  wliicli  tbe  28.83  per  cent,  of  COi  and  IIjU  bivve  b»cu  dividfd  iidO . 
tlie  c<>ut<tituenta,  m  tlint  the  full  theorclioivl  amount  of  NihCO^  is  sMp.- 
poiHHi  to  be  preHcnt.     If  the  theoretical  ainouut  of  NallCOj  lie  taken,  i 

e  results  will  bc'  found  to  vary  very  slightly. 


^. 

UtUo 

.p   -Hk,     »,..T. 

M.M 
It  It 

1.0 
.N 
1.W 

HuUuni  >uli<1uM.  KwBO, 

Suillum  furbonule.  «»^,0, 

SodluB.  blci.rUi,iii.l^  NiiHOt^  -. 

1W.<K. 

'  If  we  weix*  to  deduct  the  insoluble  matter  from  each  of  these  auuly-   | 
Hen  atid  r«ealcul!vte  tliem  we  should   find  but  little  difference  betffeea  i, 
tliotwos»ii>ljle!4,  which  will  be  referred  to  later  in  the  section  treatiotrof  , 
iirao.    Ttie>'   evidently  repreaent  the  first  aud  imrest  crystaJlizalion 
uf  the  "  t^iwniiKV  ttoda"  (hini  the  two  lakes. 

At  the  Hig  Lake,  liowever,  the  process  must  stop  at  the  point  vhen  ' 
tiiis  cryatallieatian  is  obtained,  while  at  the  Little  Lake  the  prouos^  i& 
allowed  to  go  on  and  the  "  winter  so<la  "  is  collected  with  the  sommer 
product.  Uussell  procured  samples  of  the  "market  soda"  from  ea*^li 
of  these  lakes,  but  neither  of  them  seems  tu  have  been  correctly  taken, 
as  the  Little  Lake  soda  contains  too  large  a  proportion  of  summer  mh 
and  the  Itig  Lake  material  is  the  result  of  attempts,  which  naturally 
foiledj  to  make  winter  stxbi  at  that  place. 
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TAese  two  nnaly.'^es  are  valaaMe  tor  comparison  in  this  conawtioni 
althoagh  iu  tlie  tirsl  oue  tUe  ac'iOL  COiOlX\ie."Si'a.*i:Sii'wwM^4!Af«'aineil, 
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J  incladed  in  the  H2O  which  was  evidently  determined  by  diflfer- 
The  chilling  of  the  solutions  would  not  materially  increase  the 
sition  of  NaCl,  but  would  greatly  increase  that  of  Na2S04,  hence 
olutiou  of  the  Little  Lake  must  contain  much  less  of  the  latter 
;kan  the  other  water,  the  analysis  of  which  has  been  given. 
e  combined  product  of  the  two  lakes,  as  has  been  stated,  is  about 
ons  i>er  annum.  The  Little  Lake  has  nearly  reached  the  limit  of 
luual  capacity,  but  the  Big  Lake  might  without  great  expense  yield 
lore.  With  proper  working  the  two  lakes  should  yield  1,500  tons 
nnnm. 

no  Lake  J  Mono  County  ^  Cal. — A  very  extensive  description  of  this 
ity  is  given  by  Mr.  L  C.  Eussell  in  his  article  *'  Quaternary  His- 
of  Mono  Valley,''  m  the  Eighth  Annual  Report  of  the  U.  S.  Geological 
ey,  and  I  can  only  repeat  what  I  have  elsewhere  said  '^  that  this 
body  of  water,  of  a  composition  so  favorable  to  utilization,  is,  for 
ical  purposes,  inaccessible  and  that  the  high  altitude  and  conse- 
b  shortness  of  the  evaporating  season  would,  under  any  circum- 
es,  render  the  success  of  any  industry  established  there  very  doubt- 
The  composition  of  the  water  is,  as  shown  by  the  annexed  analysis, 
similar  to  that  of  Owen's  Lake,  which  will  be  considered  directly, 
he  same  methods  of  economic  treatment  would  apply  to  both,  but 
GT  to  the  reasons  given  above,  there  is  little  prosi>ect  that  any  ex- 
id  use  of  the  water  of  Mono  Lake  can  ever  be  made, 
e  sample  analyzed  was  collected  by  Mr.  Bussell  in  1882  and  was 
1  at  the  depth  of  one  foot,  on  east  side  of  lake, 
ecilic  gravity,  1.045  at  15.5o. 
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.13 
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.09 
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.39 

3.44 

34.60 

18. 45 

34. 33 
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bert  Lake,  Oregon. — This  lake,  situated  in  southeastern  Oregon,  may 
me  become  of  considerable  importance,  for  though  at  present  far 
mt  from  railroads  and  hence  unavailable,  yet  with  proper  transpor- 
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dition  facilities  the  water  eonUl  be  utilizci).  Tht^  subjoined  analysis  of 
Jie  water  sliows  it  to  !te  the  best  suited  for  solar  evayoratioD  of  all  tbe 
likes  of  the  Great  Ba»iu,  since,  though  not  as  touceiitiated  as  some 
ithers,  the  relation  of  tlie  coDtttituont  salts  is  such  that  simpln  evapora- 
■ation  should  givo  a  very  pure  product.  Snminer  Lake,  not  far  distant, 
a  HuppuMi'd  to  haVH  a  similar  uoiu position. 

Both  lakes  havehw^u  described  by  I.  C  Rusaeli'  and  by  H.  T.  Biddit!.' 
rfr.  RiiMsetl's  pai>er  eODtatiie  the  folIowinR  analysis  of  tho  wiiters  of 
M>L'i-t  Lake,  which  shows  a  veiy  large  percentage  of  tx^tash  (loc.  eiL 
).  454). 
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Ruiwcll :  Gct>Inj;ic:il  Kucoiiii.iiBsiinc 
Biddle,  II.  T. ;  Am.  Jout.  Sci.,  3d  a 


Prom  what  is  known  of  geological  chemistry  and  the  phonomoua  of 
'oek  docotii position,  il  is  Hafe  to  say  that  no  lake  of  this  romooiiitiOD, 
>r  containing  sncii  a  large  proportion  of  jKttush,  could  Ih-  formed,  Imt 
f  such  an  oceurrenoc  should  over  bo  discovurud,  the  rock  dccompQsi- 
.ions  yielding  such  a  stilution  must  necessarily  be  entirely  diftVuent  fhua 
ill  those  so  far  observed.  It  is  due  to  niy  ft-ieiid  Dr.  Taylor,  who  made 
he  aualysisiu  1882,  to  state  that  when,  some  years  later,  his  attention  . 

wascjilled  to  tliis  iiiiitter  lie  at  otxc  recognized  llie  unUkclil 1  of  hiicIi 

a  compositiou,  but  us  the  balance  of  his  sample  had  not  been  preserved 
and  he  was  unable  to  find  the  figures  of  his  analyses,  he  could  not 
recti  ly  the  error,  which  is  probably  only  a  simple  arithmetical  error  of 
calculation  in  the  estimation  of  the  alkalies. 

Mr.  Biddle  collected  and  examined  a  sample  of  the  water  of  Abeit 
Lake,  and  being  unable  to  verify  Dr.  Taylor's  results  sent  me  tbe  residoe 
of  his  sample,  which  was  examined  with  great  care  to  settle  thedonbt 
The  sample  was  "  collected'by  H.  T.  Biddle  at  middle  of  west  side  of  lake, 
one  foot  below  surface,  30-40  feet  from  shore,  September,  1887."  Tbe 
total  quantity  at  my  disposal  wiia  about  200cm.^  an  amount  tflo  small 
for  any  extended  research,  but  sufficient  tV>r  all  practical  purposes.  For 
each  determination,  25cni.^  =  'J5.TIQ2  grams  were  taken. 
Specific  gravity,  1.03117  at  1!).80. 


I  in  Southern  Oregon,  Fonrth  Aunnal  Report 
r.  vol.  3G,  p.  475. 
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CoDtdDts  in  25  cm'. 

lul 
liter. 

Per 
wnt. 

.50 

1.37 
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1.50 
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thotiral 

00IU|lO- 
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KCl 

NaCl 

Na:,S04    .... 

NajCOs 

NaHCOi  ... 

1 

i 

•onatofl  ■ . . 

39. 172 

100.00 

. . t_ 

39.1T2 

100.00 

alysis  shows,  as  would  be  expected,  that  the  water  of  Abert 
}  not  differ  materially  from  that  of  any  other  alkali  lake  so  far 
1.  Its  low  percentage  of  sulphate  is  its  greatest  merit,  since, 
shown  under  the  section  treating  of  Owen's  Lake,  it  is  of  all 
ities  the  most  difficult  to  remove  and  the  most  deleterious 
sent. 

posits  in  the  United  States. — With  the  exception  of  Owen's 
foregoing  are  the  only  lakes  which  have  a  prospective  value 
I  kali  industry,  although  there  are  many  others  which  are 
but  are  too  dilute  for  profitable  working.  There  is,  however, 
lass  of  alkali  occurrences  which  may  in  time  become  avail- 
gh  at  present  of  minor  importance.  These  are  the  so-called 
its  left  by  the  desiccation  of  shallow  lakes  formed  in  the  wet 
the  drainage  of  the  surrounding  country,  but  drying  up  more 
npletely  during  the  summer,  leaving  an  incrustation  of  salts 
onsiderable  extent,  though  usually  of  no  great  thickness, 
i-egion  of  the  Black  Eock  Desert  and  adjacent  parts  lying 
Lbert  Lake  and  the  line  of  the  Central  Pacific  Railway  there 
places  which  furnish  such  salts.  The  following  analyses  will 
ea  of  their  cx)mposition : 

3le  portion  of  incrustation  from  near  Black  Rock  Point,  Black  Rock 

Cbatard.    I.  Russell,  Monograph  XI,  U.  S.  Geological  Survey,  p.  231. 
n*8  River  salts.    O.  D.  Alien.    King,  40th  Parallel  Survey,  vol.  2,  p.  791. 
in  City  salts,  O.  D.  Allen.    King,  ibid.,  p.  792. 
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The  next  flve  are  also  from  King's  40f.h  ParallpI  Kx]ilor(ltiou,and 
show  Hie  general  (^haraiiter  oF  tbc  iilkalinc  inenislatioiiH  of  pa«tiTU  and 
central  Nevada,  lu  eaeh  case  thi>  ntnoimt  of  I7}0  iifiectiaary  to  fona 
NaHCO^  liaH  been  added  and  the  aoalyeia  calenlated  to  IIKI  per  cent 
for  comparitiou. 

Xo.  4.  Knby  Valley,  Nevada  (Wonilirnril),  vol.  1,  p.  I>0'J. 
Ko.  n.  Valley  of  Deep  Creek.  Utali  (Wooilwanl).  vol.  S.  p.  47<. 
No.  0.  ATiU^Uitie  Valley,  Nevadii  (WotxtwArd),  vol,  H,  p,  &41. 
Mn.  7.  Hriinbuiai  V&lley,  Nttvoda  (Woodward),  vol.  3,  p.  SIM. 
Mo,  a,  Itrowu  Station,  Hamliulilt  Litkn  (Woodwnrd),  vul.  V,  p.  744. 
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At  many  locatitiea  in  western  Nevada  and  in  that  jiortioa  of  Califor 
nia  otuit  of  the  Sierra,  incmstations  of  like  character  occar.  Of  theW, 
I>orUai)8  the  inoBt  important  are  the  soda  lakes  in  LoLg  Valley,  Califomis, 
lying  southeaetwardly  of  Mono  Lake.  Tho  (ioiintry  is  highly  volcanit 
ami  t,lll^  rork.i  are  in  iiiiiiiv  ]>lii(;CH  rimch  (k'(.-iiiii|io.st'd,  hiiviTiy  iiikiii  Miein 
efflorescences  and  incrnstatioiis.  There  are  many  warm  spriugg,  tbe 
waters  of  which  flow  into  the  lakea.  These  are  several  iu  nnmbet,  con- 
iiectcd  together,  with  a  drainage  during  the  wet  season  into  the  head- 
waters of  Owen's  River.  Tiie  shore  shows  in  mo.'ft  places  a  salt  orast 
aroond  the  margin,  but  in  the  hurried  visit  I  paid  this  locality  in  the 
summer  of  188C,  I  had  no  time  to  make  a  more  particular  examinadoD, 
especially  as  the  lakes  are  the  deepest  portions  of  extensive  monsBea, 
which  in  the  winter  are  completely  flooded.  In  tfie  vicinity  are  Iwge 
stretches  of  jilaya  coverwi  with  tliiu  sheets  of  alkaline  salts,  which  are 
said  to  grow  to  the  thickne.ss  of  two  or  tlircc  inebes  on  the  approach  of 
Rold  weather,  when  the  material  is  gathered  for  the  use  of  the  mills  at 
Bodie.  A  little  to  the  north  of  tlie  lakes  is  a  so-called  "hopi^r,"  a  de- 
pression iu  the  plain  resembling  on  a  small  scale  the  Little  Lake  at 
Kagtown.  The  deepest  part  is  tilled  with  a  small  pool  ou  which  is  ' 
salt  crust  which  covers  the  remainder  of  the  hottom.  The  alkali  fron 
this  plat^e  is  also  collected.  Were  there  any  facilities  for  transiMita' 
tion  Long  Valley  might  be  made  to  yield  a  considerable  amonutof  soda 
annually. 

There  are  many  other  localities  in  this  region,  but  further  ennniera- 
Mm  would  be  useless  aa  the  entire  country  is  volcanic  iu  its  character, 
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and  so  for  as  there  is  auy  drainage  the  water  flows  into  Owen's 
Lake. 

Owewfs  Lake, — By  far  the  most  important  natural  source  of  soda  is 
Owen^s  Lake,  Inyo  Ooanty,  California,  botii  on  account ot  its  niatj^nitude 
and  of  the  facilities  for  carrying  on  extensive  operations. 

It  was  visited  by  a  party  of  the  Wheeler  Survey  in  1875,  and  is 
described  in  the  reports  of  Lieutenant  Birnie  and  Dr.  Oscar  Loow, 
published  in  "  Report  of  U.  S.  Geographical  Surveys  west  of  the  lOOth 
Meridian,  1876,''  pp.  130-1;^  and  189-100.  Both  in  the  summer  of  1886 
and  of  1887  I  spent  some  time  at  the  lake,  and  as  the  Inyo  Development 
Company  has  begun  the  manufiictnre  of  soda  at  Eeeler,  a  small  village 
on  the  shore  of  the  lake  at  the  terminus  of  the  Carson  an<l  Colorado 
Railroad,  every  needed  facility  for  observation  and  experiment  was 
most  courteously  extended. 

Loew  (loc.  cit.)  states  that  the  greatest  length  of  the  lake  is  17  miles, 
its  greatest  width  9  miles,  and  great^^st  depth  51  fe>et.  The  total  sur- 
face is  given  by  him  svs  nearly  110  square  miles,  and  from  his  analysis 
of  the  water  he  calculates  the  total  contents  of  the  lake  in  sodium  car- 
bonate as  22,000,000  tons,  and  suggests  the  utilization  of  this  great 
chemical  treasure. 

The  lake  lies  between  the  Sierra  Nevada  on  the  west  and  the  Inyo 
range  on  the  east  and  has  no  outlet,  the  lowest  point  of  the  rim  of  the 
valley  to  the  southwanl  being,  as  1  am  informed,  about  50  feet  higher 
than  the  present  level  of  the  lake.  On  the  western  side  several  small 
streams  from  the  Sierra  make  their  way  to  the  lake,  but  the  greater 
portion  of  the  water  supply  is  furnished  by  the  Owen^s  River  which 
empties  into  the  lake  at  its  northern  end.  This,  according  to  Loew,  is  a 
stream  about  ^  feet  wide,  2  feet  deep,  with  a  velocity  of  about  5  miles 
an  hour.  It  was  my  intention  to  collect  accurate  data  concerning  this 
river,  as  well  as  to  get  samples  of  the  water  taken  at  different  points 
so  as  to  determine  the  origin  of  the  carbonate  in  the  lake,  but  circum- 
stances have  prevented  the  prosecution  of  this  part  of  the  investiga- 
tion. 

As  woald  be  naturally  expected  the  lake  is  somewhat  higher  in  the 
spring  than  in  the  autumn,  but  its  average  depth  suffers  but  little 
change,  hence  the  evai>oration  from  its  surface  seems  to  be  at  present 
about  equal  to  the  amount  of  water  received  from  all  sources.  As  the 
valley  lies  between  two  high  ranges  of  mountains,  and  is  open  to  the 
north  and  south,  there  is  usually  a  good  breeze  through  the  greater 
part  of  the  twenty-four  hours,  thus  much  increasing  the  evaporation 
which  may  safely  be  taken  as  about  5  feet  in  the  year,  though  experi- 
ments give  a  larger  result. 

On  the  eastern  side,  the  valley  slopes  gradually  from  the  foot-hills  to 
the  lake.  The  shore  is  covered  in  most  places  with  a  strong  growth  of 
aalt  grass,  though  there  are  extensive  sandy  flats  which  are  bare« 
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III  tl(e  liiku  itself  are  large  quantities  of  a  sort  of  "algona  orfangoid 
[iliiiit,  tloatiui;  in  small  globular  masses  of  a  whitiati  orynllowish  green^ 
(LtMw),  This  co]le<;tH  in  put^bes  upon  the  water  and  becomes  black 
vritl]  th«  cloud>(  of  "nlkali  flies"  or  epliydra  which  isettle  ou  it.  In 
addition  to  thtt  larva  of  thttso  fliex  the  wat«r  swarms  with  the  nrtemia. 

A  i-,areful!,v  Kek'Ctod  i«aiu|ile  of  the  water  of  thia  lake  taken  Septem- 
ber 1 7,  ISStl,  giiv*?  me  thti  following  rcsnItH.  All  the  determinatioM 
wore  niiulu  in  duplicate,  the  duplicates  agreeing  very  closcljr.  Spedfie 
gravity,  1.062  at  25°. 
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Otcen's  Lake  Soda  Works. — The  works  of  the  luyo  Development  Com- 
pany begun  in  the  winter  of  18S5-'86,  had  so  far  progressed  by  the  sum- 
mer that  a  small  amount  of  crude  soda  was  produced.  Lack  of  experi- 
ence on  the  part  of  those  in  eiiargo  caused,  however,  many  delays  and 
disappuintinentM,  and  it  was  not  until  tbe  summer  of  1887  that,  under 
the  management  of  Mr.  Frank  Gray,  formerly  of  Ragtown,  a  fair  start 
was  made. 

There  are  now  nearly  15  acres  of  vats,  mostly  well  made.  The 
slope  of  the  ground  is  such  that  the  vats  can  be,  in  general,  arranged 
in  two  lines  so  that  the  upper  ones  can  be  used  as  evaporators,  the 
lower  as  crystallizers.  By  the  method  introduced  by  Mr,  (Iray  tbe  lye 
is  allowed  to  concentrate  in  the  crystallizers,  more  concentrated  solution 
fW>m  the  evaporators  being  added  from  time  to  time,  till  a  sufficient 
quantity  of  the  first  crop  is  formed.  This  first  crop  is,  however,  com- 
paratively soft  aud  mushy  owing  to  the  small  size  of  the  crystals,  so 
the  mother  liquor  is  drawn  oS';  clear,  well  settled  lake  water  is  added  in 
sutticient  quantity  to  redissolve  the  crystals  and  when  this  is  done  hb 
comjdetely  as  practicable,  tbe  vat  is  then  filled  np  from  the  evaporators. 
By  this  means  a  now  solutiou  is  obtained,  containing  a  much  f 
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proportion  of  chlorides  and  sulphates  than  the  original  lake  water,  and 
uho  crystals  obtained  from  it  are  mach  larger  and  purer.  The  crystal- 
lization is  allowed  to  go  on,  with  additions  fh>m  the  evaporators  until 
the  cooler  weather  begins,  when  the  soda  is  lifted. 

The  cake  is  then  two  or  more  inches  in  thickness,  and  if  proper  care 
be  taken  daring  its  formation  it  should  be  quite  clean  and  contain  but 
little  sulphate  or  chloride.  An  analysis  of  a  sample  of  the  crop  ol 
1887,  a  good  specimen  but  not  better  than  could  be  made  on  a  large 
scale  with  experience  and  judicious  management,  is  given  on  page  76 ; 
"  best  specimen,''  while  the  *'  crude  "  is  the  undissolveil  first  crop. 

The  process  of  furnacing  this  material  so  as  to  convert  it  into  soda 
ash  is  very  simple  and  easy,  since  the  water  and  acid  OO2  is  driven  out 
at  a  temperature  but  little  above  150^  0.  (30(P  F.),  and  no  fusion  takes 
place.  If  the  material  represented  by  the  *^best  specimen"  be  tbue 
heated  it  would  give  an  ash  containing  97.77  per  cent.  Na20O3,  while 
the  ^^  crude  "  treated  in  the  same  manner  would  yield  a  94  per  cent.  ash. 
When  we  consider  that  these  favorable  results  have  been  obtained  in 
the  infancy  of  a  process,  without  special  skill  or  experience,  it  is  not 
unreasonable  to  expect  that,  under  proper  technical  management  and 
with  suitable  arrangements  and  appliances,  a  product  averaging  98  poi 
cent  I^aaCOs  can  be  made  regularly  and  in  large  quantities,  at  this 
locality. 

The  calculation  of  Loew  shows  that  this  lake  contains  22,(K)0,00( 
tons  of  Na2003,  and  if  .we  make  the  moderate  estimate  that  one 
half  of  this  amount  can  be  extracted  from  it,  and  consider  the  natural 
advantages  of  climate  and  of  the  character  of  the  shore  which  in  nian^ 
places  is  well  adapted  for  the  location  of  extensive  works,  there  seems 
to  be  no  reason  why,  in  time,  a  large  and  flourishing  industry  should 
not  develop  there. 

The  small  amount  of  the  annual  rain-fall  and  the  very  great  annua 
evaporation  resulting  from  a  long  season  of  very  warm  and  dry  weather 
are  extremely  favorable.  No  experiments  determining  the  annua 
excess  of  evaporation  over  precipitation,  have  been  made  in  this  region 
but  we  have  reason  to  think  that  it  is  not  less  than  7  feet  per  annum 
The  experiments  now  to  be  detailed  show  a  much  greater  rate,  but  a< 
they  were  carried  on  in  small  vessels  fully  exposed  to  the  rays  of  tlu 
sun,  the  daily  loss  is,  of  course,  far  larger  than  would  occur  when  ai 
earth  vat  of  large  size  is  used  for  the  purpose. 

EXPEBIHSNTS    ON    THE    EVAPORATION  AND    FRACTIONAL    CRYSTAL 

LIZATION  OF  THE  WATER  OF  OWEN'S  LAKE. 

These  investigations  were  made  during  the  summer  of  1880,  for  tin 
purpose  of  obtaining  information  needed  for  the  devising  of  manutact 
Qring  methods  suitable  for  such  waters. 

Evaparatian. — On  September  6,  noon,  a  granite- vr^Y^  V^\i  1\  YWiJ«\s 
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interior  diameter,  C  incheH  deep,  with  slraigbl"  sides,  was  filled  5^  incliw 
deep  Willi  lake  wati>r,  sped  fie  gravity  1.057  at  I8.30  (Oyo  p.j  xhe  iiot  tlicn 
coutaiued  Sj  pints,  tlie  measurement  oFdupttibeiug  made  by  olidiug  anile 
aloug  the  side  of  tbe  vessel  until  tbe  lower  eud  of  the  rule  just  touched 
tbe  waller.  By  having  a  tbin  strip  of  metal  heut  over  the  edge  of  tlif 
vessel  ihe  measurements  can  be  made  very  closely.  By  usiog  sLort 
hydroinelera  tbe  npe^tiic  gravity  of  the  solution  could  be  rea*lily  tak«ii 
without  disturbing  the  liquid. 
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Tlic  coneentrsiteil  solution  was  iit  Miis  time  transferred  to  a  smaller 
granite-ware  i">t  (li  incbt-s  wide,  5J  incbcs  deep.  The  snrfaoe  of  tbe 
solution  Wiis2|  inebes  below  edge  of  ])ot,  and,  as  tbe  capaeity  of  the 
vessel  had  been  earefidly  measured  for  siuicessive  depths,  the  volume 
of  tbe  solution  vivt  UK  pints.  Tbe  granular  precipitate  which  adhered 
to  the  large  pot  consisted  of  CiiOO^i  witli  a  little  FejOj. 

As  tbeorigiimj  solution  measured  SA  pints  there  was  a  IosRof.'i]>ints, 
0r58.S2per  eent.,ni  bringing  it  to  l.i;SS(llSoiS.)at23..^o(;40F.).  When 
the  lii|uid  reaches  l.Oitfi  (i;}'3R.)  it  begins  to  deposit  its  CaCO:,,  the 
maximum  of  deposit  being  at  about  l.l,30-l.lv(S  (I70-I80  H.).  No 
increi^e  of  deiKtsit  was  observed  after  the  latter  point  was  reached. 
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Incipient  crysta 


Crust  formed. 


At  8.45  a.  m.j  the  solution  measared  1§  pints.  Henc< 
coDcentration  to  the  crystallizing  point  the  liqaid  lost  6|  ] 
per  cent,  of  its  bulk,  or  5  volumes  of  Owen's  Lake  water  al 
gravity  and  temperature  above  given  are  reduced  to  one  \ 
crystallization  begins.  From  these  figures  the  proi)er  relai 
the  evaporating  and  the  crystallization  surface  is  at  once  ot 
should  be  expected  the  daily  loss  diminishes  as  the  solu 
trates ;  the  total  time  of  evaporation  was  nearly  ten  days, 
loss  one-half  inch  per  diem,  maximum  loss  one  inch,  minimui 
inch.  Observations  on  earth  vats,  although  roughly  made 
average  evaporation  of  one-fourth  inch  in  twenty-four  houi 
same  circumstances. 

The  rapid  heating  of  the  solution  as  soon  as  a  cryst 
formed  on  the  surface  is  also  worthy  of  notice. 

Fractional  crystallization. — The  following  experiments  ¥ 
order  to  determine  the  character  and  composition  of  the  suc< 
of  crystals  obtained  by  the  continued  evaporation  of  a  i)orti< 
Lake  water,  until  the  point  is  reached  when  the  sun's  heat 
sufficient  to  drive  off  the  water  except  with  great  slowness 
words,  to  observe  the  gradations  and  extent  of  a  practical 
ration. 

September  3, 11.30  a.  m. — Five  quarts  of  filtered,  partly  ( 
lake  water  were  put  into  each  of  two  granite- ware  pans,  whi< 

placed  in  the  sun.    The  water  had  a  specific  gravity  of  1.13^ 

10  quarts,  so  taken,  being  equivalent  to  25  quarts  of  origin 

September  5,  8.30  a.  m. — ^The  solution  in  each  pan  had 

Small  quantity  of  a  fine  granular  precipitate,  while  a  few  s( 
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^iirystalti  w(!i-e  ffoatiug  Oil  tliH  Hurrutiu.     Soliitiou  pau  No.  1,  1.282;  \o. 

1.270,  IwUi  at  ,J^3.  Filled  uppanswithfUmredwal«rfro[uviit,spectSi; 
igravit.v  1.1  W  at  .j~,  adding;  to  tiacli  3  quarto,  ciiuivalent  to  7J  quarte  ot'ig- 
inalvater.  Tlie  total  aiuoaut  in  tlio  two  paus  was  tlierofon;  tMiuivalenl 
ito  40  quarts  of  lake  water. 

September  6,'  7.30  a.  m. — ItotU  pans  showed  a  tar;;^  crop  of  ci-.v»1^k 
■tm  bottom,  while  the  Ihpiid  was  tarbid,  with  aiuall  crystals  Iloutiu^  iu 
it.    Specific  {gravity  of  both  solntious,  1.250  at  ,^^5. 

September  7. — Both  paus  had  a  atout  crust  with  large  deposit. 

3.45  p.  HI.— Poured  oil'  luottier  liquor  from  both  pans  aud  drained 
QrytitalH.  The  crop  Al  weij;hed  1^  pounds  when  dry.  The  combiiiHl 
inother  liquors  nieusared  jj  quarts  aud  bad  a  speciHe  {^rarity  of  l^U  M 
^-^.    Thi3  was  put  iu  one  of  the  jjans  aud  allowed  to  evaporate. 

September  8. — The  solutiou  was  covered  by  a  thiu  crust,  witii  a  uoa- 
Biderable  doiweit  of  niiuute  crystals  on  bottom. 

September  0. — Poured  ott"  mother  liquor  from  second  crop,  A2, 
which  weighed  1  pound,  and  drained  the  crystals  thoroughly.  MotJier 
Kquor  1.312  at  ^. 

ScpttiUiber  10,  8.30  a.  m. — Pan  showed  a  cuueidcrable  deposit  of  fine 
granular  salt^  with  thin  crust  on  surtace. 

September  U,  8.30  a.  m. —  Drew  otf  mother  liquor  and  seciuied  Uiird 
OtVp,  A3.,  which  was  highly  saline  to  taste,  aud  weighed  three- fouiitiK 
of  a  pound.    The  mother  liquor  had  a  specific  pravity  of  1.315  at  ^^, 

September  12,  5  p.  m. — The  solutiou  was  covered  with  thin,  floating 
crufit»,and  its  temperature  was,|J''^°o,  while  the  same  thermomet«rexiK»se»l 
for  live  minutes  to  the  direct  rays  of  the  sunfihowed  barely  j^t^;  another 
solutiou;  B,  of  about  1,29  showed  J^^^,. 

The  evaporation  of  this  concentrated  solution  was  very  slow,80it 
was  undisturbed  until  the  18th,  when,  as  uo  further  reduction  in  volume 
could  be  observed,  the  mother  li(jnor  was  poured  ofl',  leaving  the  fourth 
crop  A4.     It  had  a  speciHc  gravity  of  1.327  at  j^-j. 

To  observe  the  effect  of  cold  at  this  stage,  the  vessel  contaiuing  the 
solutiou  was  HurroHuded  with  ice.  After  four  hours,  at  a  temperature 
of  ,V^  a  large  deposit  of  a  slushy  material,  looking  like  wet  snow.wM 
obtiiined.  This  crop,  A5,  was  collected  and  xtlaced  in  a  pau  to  dry,  bat 
speedily  melted  in  its  water  of  crystallization,  afterwards  becomiuga 
dry  cako  on  the  bottom  of  the  ])an.  The  mother  liquor  had  a  specific 
gravity  of  1,300  at  i^^^,,,  and  was  preserved  for  analysis. 

The  salts  so  obtained  were  analyzed  with  the  following  results,  to 
which  is  prefixed  an  analysis  of  a  sample  uf  the  crude  soda  made  aC 
the  works  in  that  year : 
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Sp.  fcr.  mother  liquor i 

Water  at  120^  C,  H,0 

Water  at  red  boat^  11,0  . . . 

Insoluble  matter 

Orf^anic  matter 

Silica,  SiO» 

Alnraiua,  AltOa 

LimcOaO 

Ma^rneHia,  MgO 

Sulphuric  acid,  SOs 

Chlorine,  CI 

Carbonic  acid,  C0| 

Soda^XatO 

Potash,  KsO 

Deduct  0=C1 


*  Buric  acid,  ISaOj. 


Hypoihetical  combination. 
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ADotljer  tierkm  of  crystal  I  iKiiti»ii»  whs  tiiade  ul  the  same  time  (wriea  1 
B).     It)  tliiH,  till!  llrMt  vA-op,  ni   wait  collected  wlieii  the  mutbet  liquor 
stood  at  iisiwcific gravity  of  1.285  nt  ^j:,;  second  croji,  B3  wltli luoUiiir  I 
liquor  of  1.3M  at  ^~„;tliird  crop,B3,  mother  liquor  of  1.323  at  ^ 
B4  uudcr  the  same  circiimstaiioes  as  A5. 
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In  B4  the  boric  acid,  which  was  proved  lo  exist  in  somequaDtity,*** 
estimated  by  difference,  iis  the  process  foe  its  di^teriuiuatiou  is  tedioiWt 
and  ex:ict  figures  for  this.  sviXistantic  \n  v.^^^t;'?.  \\V,ft  tUo  present  areoi 
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tie  oonseqaence.  In  the  hypothetical  combiuatiou  the  neatral  borate 
ii3Bt04  is  given  instead  of  borax  or  the  acid  borate  Nii2B407.  The 
tter  can  hardly  be  supposed  to  exist  in  sach  strongly  alkaline  solu- 
ins  as  those  which  produced  A5  and  B4.  In  the  original  water  the 
id  borate  is  set  down  as  probably  existing,  since  a  considerable 
cess  of  GO2  is  there  present,  which  decomposes  the  neutral  borate, 
•ming  ]N^a8B407+Na«C03.* 

DISCUSSION  OF  RESULTS. 

In  comparing  these  analyses  let  us  first  consider  "  crop  1886,''  Al  and 
.  These  are  the  first  crops  of  a  solar  evaporation,  and  are  the  only 
es  of  any  technical  importance,  unless  suitable  processes  can  be 
vised  for  utilizing  the  mother  liquors,  which  by  simple  evaporation 
del  products  of  too  low  grade  for  the  market,  where  the  value  is  fixed 

the  percentage  of  Na2C03  in  the  ash  and  the  proportion  of  other 
Its  must  not  exceed  certain  limits. 

Compared  in  this  way,  crop  1886  mother  liquor  1.280  is  the  purest, 
,  mother  liquor  1.285,  comes  next,  and  Al,  mother  liquor  1.312,  is  the 
>rst.  It  is  evident,  therefore,  that  if  the  first  crop  is  to  be  used 
*ectly  for  making  soda  ash  the  concentration  should  not  be  allowed 
run  as  far  as  1.280,  but,  as,  in  such  a  case,  the  crop  would  be  a  com- 
ratively  small  one,  the  advantages  of  a  recrystallization  are  plainly 
licated  by  comparison  of  the  crop  of  1886  with  the  "best''  and 
srude"  of  the  crop  of  1887.    (See  page  76.) 

The  rapid  increase  of  SO3  and  01  is  shown  by  the  two  series.  SO3 
iches  its  maximum  in  A3  and  B3  and  then  rapidly  declines,  while  01 
greatest  in  A4  and  B3.  NaHGOd  is  deposited  in  great  part  in  the 
L*iy  stages  of  the  crystallization ;  so  that,  when  afterwards,  most  of 
3  sul])hates  and  chlorides  are  got  rid  of,  the  remaining  solution  con- 
ns a  very  large  proportion  of  Na20O3,  which  separates  when  the  solu- 
n  is  chilled. 

Ihe  solar  evaporation  thus  divides  itself  into  three  stages ;  first,  the 
position  of  a  comparatively  pure  compound  of  Na20O3  and  NaHCOs; 
3oud,  the  formation  of  a  product  consisting  in  great  part  of  sulphates 
d  chlorides;  and  third,  the  production  of  a  mother  liquor  requiring 

artificial  heat  for  its  further  evaporation,  but  rich  in  Na2C03,  and 
ntaining  the  major  portion  of  the  potash  and  boric  acid. 

Fractional  crystallization  of  water  of  Mono  Lake. — In  this  connection 
will  be  interesting  to  compare  the  results  of  a  similar  series  of  crys- 
ilizations  of  some  water  from  Mono  Lake.  This  water  had  been  con- 
ntrated  by  heating,  and  consequently  most  of  the  bicarbonate  was 
inced  to  normal  carbonate;  besides,  the  total  quantity  at  disposal  was 
small  that  the  results  are  not  very  reliable,  but  will  show  the  gen- 
al  rule. 
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Thp  coDoentratol  w»t«r  wan  nbout  oiie-sixth  of  tbe  wiginal  in  vol- 
nine,  and  lia<l  a  specittc  griivity  of  l.liIO.  On  beiug  exposed  to  a  Jry 
Mniopliere  for  quile  a  long  period  it  liegaii  to  ileponit  cubes  of  HatI, 
-«nd  tbou  a  quantity  of  iudetiuite  cryatals  (CI).  These  were  collected, 
tba  mother  liquor  Ktiowing  a  Kpecitio  gravity  of  1.348.  la  time  ibiii 
solution  gavo  a  wscoiid  ui-op  C2,  bot  did  not  vary  ia  specific  gravitj. 
'.When,  however,  the  third  crop  03,  had  l)een«  obtained,  the  raollur 
i5Uquor  showed  a  reduwd  specific  gravity  of  1.335.  Ooutinued  evapora 
'Hon  yitUded  04  mother  liquor  1,3(11,  and  CS,  mother  liquor  1.381.  Tin> 
f  final  evaporation  to  dryiiosa  gave  06.  05,  when  examined,  was  n  mis. 
I  toi-e  of  ciibe«  of  NaGl  resting  on  »  layer  of  salts  whioh,  however,  ns* 
too  «uial]  in  qiiaiility  to  give  accurate  determinatioux,  since,  tbouglj 
carefully  ground  and  mixed,  eoneordant  rexulte  could  uot  be  oblaiatnl. 
In  HBch  cases,  where  difl'erent  Malts  crystallize  together,  couooniaiit 
zesults  can  lie  looked  for  only  when  the  dample,  ciirefuUy  wei^'hwl,  is 
4iB8olved  in  water  and  portions  of  the  solution  weighed  out  foranaJy- 
•is.  Tbe  (jgurea  obtained  show  that  the  composition  of  05  lies  bel»e»| 
04  and  06. 
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b  while  the  percentage  of  chlorides  ia  Gl  is  much  greater  than 
others,  the  amoaut  of  sulphates  varies  very  slightly,  though  this 
m  may  give  us  importaut  hints,  as  it  may  have  an  especial  bear- 
tn  the  separation  of  the  carbonates. 

'elation  of  NajOOs  and  NaHGOs  is  brought  out  by  comparing 
rcentages  of  the  two  salts  with  their  molecular  weights, 
=106,  NaHC03=84,  which  gives  us  the  following  results: 


Pep  cent. 
Cl. 

Per  cent. 
SO|. 

Per  cent.  NaHCOs;  percent. 
Na,COs. 

Crop  1886 

Al 

2.36 

4.84 

3.70 

11.97 

1.07 
1.79 
1.49 
L54 

30.65  :  40.87  : :  84  :  112 
30. 12  :  43.  75  : :  84  :  122 
32.47  :  42.33  ::  84  :  109.5 
27.37  :  36.87  : :  84  :  113.1 

Bl 

CI 

rue  molecular  proportion  would  be  84  :  106,  so  that  in  each  case 
5  an  excess  of  Na2C03,  the  excess  being  greatest  in  Al  where  the 
age  of  SO3,  1.79,  is  the  largest.  Strictly  speaking,  only  Al  and 
really  comparable,  having  been  obtained  under  like  condition, 
*op  1886  was  the  product  of  a  large  mass  of  liquid,  and  the 
[  O  from  another  locality  had  been  boiled. 
J  shown  by  the  specific  gravity  of  the  mother  liquor,  is  the  product 
later  degree  of  concentration  thanBl,  and  is  less  pure,  which,  as 
stated,  seems  to  fix  the  limit  of  production  of  a  first  crop,  for 
Lake  water,  at  the  point  where  the  mother  liquor  has  reached  a 
gravity  of  1.280,  or  even  something  less,  since  above  this  point  the 
of  sulphates  and  chlorides  rapidly  increase  without  compensa- 
incrense  of  carbonates. 

re  now  i)repared  to  study  the  nature  of  this  combination  of 
and  NallCO;!  on  wiiich  such  stress  is  laid,  for  reasons  that  will 
in  the  following  discussion: 

XJBAO. 

e  urao  from  Venezuela. — The  occurrence  in  Venezuela  of  this 
native  alkali  ha«  already  been  described  on  page  40,  and  on 
,  it  was  stated  that  this  material  is  found  in  many  places,  is  of 
itest  importance  in  the  technology  of  natural  soda,  and  would 
ed  in  a  separate  section.  Referring  to  page  41  for  Boussingault's 
ion  of  this  salt,  and  repeating  the  results  there  given,  we  have: 


Found. 


Hypoth.  comp. 


NaaO 

CO2 

n-Al 

Iinpiiritiet) 


41.22  W  NasCO, 

39.00  '    NaHCO, 

18.  KO      IhO 

.J)8  1,  Impurities.. 

100.00    I 


46.98 

37.24 

14.80 

.08 
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Tbe  imparities  juo  insoluble  matter  with  uhluritW  ftud  eulpbates,  stll 
of  which  can  bt*  dciliiiHe*!  when  we  di-sire  to  calculate  the  I'ormiiUt  of  . 
the  compoaud  »r<  Uh-hv^  suits  are  uoder  the  circumstaticeK  aubydrona 
(see  page  29],  lieiico  merely  diminish  tbe  percentage  of  umo  in  iLe  | 
original  nmterial. 

The  fornmla  already  given  for  uroo  is 

NiwCO,,  KanC03+2Hi0,' 

fttid  if  HI'  dettucl  the  impnrititis  from  Bouseinguult's  analysis  and  re- 
calcnhite  the  residue  to  100  per  cent,  and  likewise  calculate  the  tbvo 
ntical  pcrcentagee  for  tbe  above  formula,  we  shall  have 


,__„rft.„!  Tbrorelii*!. 

ass-  s-asji 

NmO 

41.(3                   41.  IS 
»»                3B.H 

+.« 

+.44 

— .n 

loaoe           iMuo 

ntaretkal  nmpwiHcm. 


«%««.  - 

4T.M 

J7.m 

J7.17 

+.H 
+.44 

-.08 

100. 00 

in.  00 

Again,   if  we   take   the   proportio 
NalICO;,  we  have 


between    the  Ka,CO]  and  the 


NiiiCOj :  NancOj ::  10«  :  8t  ::  47.44  :  37.60, 

while  tlie  anionnt  of  NaLlCUj  found  is  37.61,  a  differeuee  of  only  0.11 
percent.  Ileuce  UousHingaull'u  urau  i»  an  almost  theoretically  pon 
salt,  showing  only  a  small  loss  of  water  and  a  trifling  increase  of 
NaUOOj. 

Ifative  urao  from  Egypt. — The  analysis  of  Egyptian  soda  by  Bemy, 
given  on  page  30,  if  calculated  in  the  same  manner,  shows  a  retuarli- 
ablo  agreement  with  the  foregoing.  In  his  original  paper,  Beroy  givB.i 
as  found  SiOt,  0.144;  CaO,  0.078;  COj,  32.160;  SO,,  1.210,  and  CI,  i.^ 
per  cent,  hence  by  reducing  his  analysis,  as  given,  to  its  coustitnents 
we  have 


'LuDreiit:  Ann.  Oe  Cliim 


I,  vol,  3G,  p.  348, 


NATtlRAL  SODA. 


69 


luiioluble 

SiO, 

SOa 

CI 

COt 

CaO 

Na,0     .. 
H^ 


0  =  C1 


Reoalcu- 
lated. 

_     .  ^  .  .. 

4.100 

.144 

1.210 

4.950 

32.  ICO 

.078 

30. 080 

19.609 


nypothciical  com- 
pottition. 


101. 397 
1.110 


100. 287 


Insoluble . . 

SiO, 

CaCOs 

NaCl 

Na^04 

Na,COs I      38.45 

XuHCOi 30.70 

H,0 1      16.38 


4.106] 

.144 

.20 

&160 

2.148) 

<  =14. 758 


100.288 


If  now  we  deduct  from  the  last  column  the  14.758  of  impurities  we 
shall  get  column  a;  if  we  recalculate  to  100.00,  column  b;  while  if  we 
figure  the  theoretical  proportions  of  NaHCOs  and  H2O  required  for  the 
44.95  per  cent,  of  Na^OOs  in  &,  we  obtain  column  e,  and  consequently  the 
differences. 


NajCOg. 

NaHCOi 
H,0  .... 


38.45 
30.70 
16.38 


85.53 


1 

e 

Differ- 

ence. 

44.95  - 

44.95 

0.00 

35.90  1 

35.62 

+  .28 

,     19.1.-> 

15.  27 

+3.88 

100.00                  1 

1                '                1 

TVue  eharcLcter  of  trana,  or  the  native  seaquwarbonate. — From  this  it 
appears  that  Remy's  trona,  after  deducting  the  impurities,  is  urao  with 
a  very  slight  excess  of  NaHCOy,  but  3.88  per  cent,  excess  of  H2O. 
Whether  or  not  the  presence  of  this  excess  of  water  is  to  be  ascribetl 
to  the  Na2S04  will  become  clearer  as  we  go  on. 

Klaproth^  in  1802  published  the  following  analysis  of  a  natural  soda 
from  near  Fezzan  in  the  Desert  of  SSahara: 


iianeu.    ,  ^j^cted. 

i                         ! 

Na,0 

87.00  1        37.95 
38.00  ■        38.97 
22.50          23.08 
2.50  1 

CO, 

H,0 

KaJSOj 

100.  UO         100.00 

thetical 
cnnipo- 
sitiuu. 

35.88 
45.96 
18.16 

NajCO, 

NaHCOi 

H,0 

**3«*'  ••••••••••••• 

100.00 

To  this  mineral  the  name  trona  has  been  given  and  it  is  considered  as 
^  native  sesquicarbonate  of  sodium.    As  previously  stated  (page  35) 


'Klaproth:  Beitriige  zar  Clieni.  Kcnntnisa  (I.  Mmeta\\Lotipw,\\\,\iiJiJf2L,'^,^«i. 
Daos'tf  Mineralogy,  article  Trona. 
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"scsqiiicarbonate"  in  thf  name  given  to  a  supposed  nompouud  nr 
NiijOO.i  mid  NivUCOs  iu  the  proportion  of  cno  moUniule  of  NsjCO, 
to  two  of  NiiHCOa,  with  tbp  udditioii  of  wulor.  As  by  tbu  dualjstio 
jttrimiU  formerly  ia  use  sodium  monoearbouate  was  written  NaO,  COi. 
mid  tbe  bicarbonate  NaO,  00,  2COj,  tlie  formiilii  of  the  compound  wus 
written  2  NaO,  3  COi  whence  it«  name,  the  HO  being  omitted,  not  being 
eousidered  an  essential  constituent.  The  fonnnla  of  the  thex)rf>ticHl  , 
wstpiienrlionat*  i»  Na,CU-i,  3  NaH00,+3  H,0,  which  gives  us  tlie  fol- 
lowing pere«i)tages  with  which  Rlaproth's  results  are  compared: 


These  differences  are  too  great  to  be  considered  an  slight  variationB 
from  :i  theoretical  formula,  such  as  are  shown  by  HoDBSiugauII's  minentL 
If  Klaprotli's  troua  be  comiiai-ed  with  a  theoretical  urao  the  differeiicct 
are  still  larger  being —11.02  NajCOj, +8.79  NaHCO^  and +2.23  ftO, 
bunco  we  see  that  we  have  here  a  mixture  to  whicli  neither  formulscaii 
bo  assigued. 

Joffre'  analyzed  a  trona  stated  to  have  come  from  the  same  locality 
and  supi>osed  to  be  the  same  as  Elaproth's.  He  describes  the  mineral 
tbns: 

lucruntntiODB  of  aboat  2  to  3  contimotcTB  in  tbickncss.  It  is  in  masaes  wtiicb  ai* 
cry ttt.ll line  and  iierfectly  white,  except  the  lower  part  which  ia  colored  by  a  trace  of 
oxide  of  iron. 

After  giving  the  figures  of  the  analysis  below,  he  says : 

The  first  threo  nuuibers  correspond  to  i>eBqiiicai'bonato  of  soda,  coDtamiunte<l  vitli 
n  litlle  curbouateot  ttodii  -  -  *  siioulil  be  iuoliided  in  the  mineral  HpccieanaiDfil 
iirao.  The  presence  of  carbonate  of  lime  und  of  chloride  of  aorlinm  may  pve  foolir 
raatiou  t()  the  views  of  M.  HertboUet  coiicerniiig  the  ori|[iii  of  natnral  sods,  wbick 
he  ascribes  to  the  reaction  of  those  two  substances  upon  each  other. 


Joffrf. 

^ 

3»11 

Riui.1 

,» 

-.. 

8itX:        >"■""-"■  """' 

N    CO 

NanCOj 

j 
i 

100.  0« 

^*-™i 

'  Joffro  :  BuU.  Soi;icVfe  V;\\\raw\>\e,  n-A  Vi,  vA**!. 
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)  differences  are,  therefore,  still  greater  than  in  EUaproth's  trona, 
1  fact,  as  far  as  is  known,  the  only  analyses  of  natural  soda  which 
a  composition  at  all  near  to  true  sesquicarbonate  are  those  of 

»p^8  specimens  came  from  Egypt,  and  are  described  as  '^  distinctly 
klline  salt  crasts  almost  an  inch  thick,"  No.  1  was  ^'an  aggregate 
all,  transparent  prismatic  crystals,  the  prisms  being  clearly  dis- 
shable.'' 


Insolable 

CaO 

SO, 

01 

CO, 

Na,0 

n^o 

Dodact  0=01 


No.  1. 


1.05 

.&6 

*1.«5 

5.11 
33.15 
30.34 
22. 50 


100. 115 
1.  Ifi 


»9.8U 


No.  2. 


1.35 
traoo. 
13.53 
20.25 
10.55 
4:t.e8  i 

8.87 

104. 23 
4.50 


U9.G7 


No.  3. 


.40 


37.60 

1.58 

13  50 

43.10 

4. 05 


100.19 
.:i5 


90.84 


Hypothetical  composition. 


Insolablo 
Na,S04.. 

NaCl 

CaCO,  ... 
Na,C()3 . . 
NaUCC), . 
n^o 


No.  1.  I  No.  2. 


I 


1.65 

2.93 

8. 42 

.99 

25.81 

42.00 

18.00 


1. 35 
24.01 
33.38 


No.  3. 


.•10 

60.67 

2.61 


13.40 

20.93 

G.GO 


99.80  I    99.07 


10.60 

17.37 

2. 19 


99.84 


acting  impurities  as  before  and  recalculating,  we  have, 


No.  1. 

30. 08 
4S.  94 
20. 98 

No.  2. 
32.74 

No.  3. 

Na,C0, 

:tr.  iR 

NanCO. 

51  13      R7  r»o 

U,0 

16. 13 

7. 26 

100. 00 

100.  00 

100.00 

n  the  composition  of  No.'  1,  Pop]>  deduced  the  formula  Na2C03,'2 
D3+4  H2O ;  No.  2  is  close  to  NhoOO,,  2NaIICOo+3  HjO,  while  No. 
xximates  NagCOa,  2  NaHC03+  riiO.    The  theoretical  percentages 


'Popp  :  Anu  dor  Clieiuio  u.  Pharm.,  vol.  155,  \k  348. 
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of  thvsv  (icyrees  ot*  li.vdration  ami  tlie  difforeiiccri  from  llif  rpBpecIhe 
aualj'Bt»4  uru  OH  followa : 


I 


-let 

INOta- 
3  0,0.      «M* 

in,a 

»'hOO. 

BaBCO, 

"-t 

1B.4II      —W 

M.sa 
B.ia 

-I.I5 

+  .Pfi 

+  1.1U 

IW.MI 

ThesR  resnlta  am  very  remarkable  aud  would  ap])ear  to  settle  affirm- 
atively Hie  asistence  of  true  Menqtlicarboiiat*  in  nature,  but  wo  slial! 
have  occHHioii  to  refer  to  tlieni  later  aud  give  reasons  for  f artber iloiiW. 
The  analysts  of  the  incrnstatiou  from  Brown's  Statiou,  Nov..  glvfn  ou 
))iige  as,  may  be  disregarded  iu  tbis  connectioii,  as  the  existence  (if  llx' 
Rf8i)i>ii»Lrbouate  appearH  to  have  been  a^snmeU  and  one  of  the  deurnii' 
nations  obtained  "  by  difference." 

Artificial  production  of  iesqviearionate. — The  artificial  iinxIiiRtioiior 
HeKqnicarbouate  has  been  claiineil  by  both  Winkler  and  Hitmisihii, 

Winkler,' by  dissolving  100  parts  IfaiCOa  and  152  parts  NiillCOj  in 
l,!)20  parr«  of  water  and  carefnlly  adding  1,920  part«  of  80  jier  ctril. 
aktohol,  BO  that  the  tno  liquids  did  not  mix,  obtained,  nller  the  lapse"! 
several  days,  fine,  ti  nnsparent,  uon-ffSorescent,  ac.icul a r crystals.  Ibesc 
adbered  to  The  sides  of  the  vessel  and  with  them  were  crystals  of  by- 
drated  monocavboniite  and  bicaiiionate,  the  latter  principally  on  Uie 
bottom.     His  analysis  of  the  acicular  ci-ystals  is  given  below. 

Ilermanu=  mixed  iboronghly  NitjCO:,,  10 11,0  and  NaHCOj  iu  the  pro- 
iwrtion  of  1  :  2,  melted  the  mixture  iu  the  water  of  crystallizatioii,  uiiil 
allowed  the  cold  mass  lo  I'emain  in  dam]>  air  for  some  weeks.  Attlie 
end  of  that  time  the  mass  had  become  crystalline  and  its  cavities  were 
lined  with  crystjds  of  sesijuicarbo  nate,  which  he  analyzed. 

Both  Winkler  and  Htrniaun  y've  as  the  formula  of  the  salt.  SNaiO, 
3  U0j+3[U0  or  NaiCOj,  -J  KailtiOy  +  211,0,  as  is  shown  by  tlieanalyses. 


^K 

TBhi. ' 

liBr  cu,,l. 

■Winkler. 

h™. 

131 

40.1)0 

41.13 

40;  00 

42.  S8 

43,30 

43,  DO 

51 

17, « 

15,57 

10,94 

310 

moo 

100,00  1 

100,00 

'  I) ut! liner's  liciKirt.  f.  Fhorni.,  vol.  43,  p.  315. 
■'  Joiiru.  f.  prnkt.  Chom.,  vol.  S6,  p.  313. 
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Hypothetical  composition. 

• 

MoIfiTiihvr 
weight. 

106 

168 

36 

Thi  opt- 
ical. 

34.20 
54.19 
11.01 

Winkler.,  «i|j:- 

■ 

36. 33  1  +2. 13 

53. 87     —  .  32 

9.  80     —1. 81 

Jler- 
niuDn. 

Diffor- 

-1.18 
+1.85 
—  .67 

Na,(?08 

2NaIlC0, 

2  11,0 

:i3.02 
56.04 
10.94 

310 

100.00 

100.00    

100.00 
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By  following  the  directions  given  by  Winkler  small  needles,  snob  as 
lie  describes,  were  obtained ;  from  these  the  material  for  analyses  was 
selected  with  greatcare  and  appeared  to  be  free  from  the  other  salts  which 
had  crystallized  simaltaneoasly.  As  the  latter  are  sodium  bicarbon- 
ate, and  hydrated  monocarbonate,  the  separation  must  be  carefully 
made,  else  results  may  be  obtained  showing  great  variety  in  the  pro- 
portions of  the  two.  The  amount  of  salt  thus  secured  was  small,  but 
suilicient  for  the  following  duplicate  analyses  : 


1 

a            b 

a 

14.64 
42.72 
42.53 

b 

'  Aver!ijc«\ 

CO,... 
Na,0    . 

1 
19.10'       10.31 

40.01  i       40.01 

40. 69         40. 67 

H,0 

^  Na,C0s  . . . 
NaHCO,.. 

14.75 
42.67 
42. 57 

99.99 

14.60 
42.70 
42.55 

99.  89        90. 99 

1 

09.89 

i 

!        00.  IM 

i' 

These  results  do  not  agree  with  those  of  Winkler  nor  with  any  of  the 
salts  described  by  Popp.  Morever,  no  simple  theoretical  formula  can 
be  assigned  to  the  combination,  and  we  have  either  a  sesquiciirbonate 
])lus  an  excess  of  NaaOOa,  or  what  is  more  probable,  urao  plus  an  excess 
of  NaHCOa. 

The  following  table  is  a  comparison  of  the  ioregoiiig  analyses.  As 
the  proi>ortion  of  water  present  varies  for  each  sample,  the  percentage 
of  NaaCOa,  2  NaHCOs,  or  iis  it  may  be  called  "anhydrous  sesquicar- 
bonatCf^is  calculated  for  each,  and  the  excess,  whether  of  monocarbon- 
ate or  bicarbonate,  thus  shown. 


Nft^COs,  2NanC0j.i 

1 

Excess. 

R«inv. 

Per  cent.          i  Per  cent. 

62.42                   18.43       Na,COj 
73.28             !      11.73       Na,COs 
74.96                    r.  HH       Ntt-f!rt- 

Joffro 

KluDroth 

Topp,  No.  1 

Popp,  No.  2 

Popp,  No.  3  

Uenniinn 

77. 75 
83.30 
Ott.KG 
85. 35 

1.27      NaHcO, 
.  48      Na/;0, 
1.88      NnUCO, 
3.72       NaHCO, 
2. 34       Nna(;0, 

15. 85       NujCO, 

\ 

Winkler 

87.  hO 
G'.».  40 

Chauitl 
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l«r-t>tbac  iiuiUj'^es  of  nAtiiial  notla  wliieli  are  koowii  show  still  IftrRet 
[exciitisoa  ot'N^UOj  tlmn  thuae.  &}  fur,  tlier«fore,  the  eviclcnco  in  fkTor 
*f  tlie  I'xislciiuft  of  «es<|iiicaiboiiato  is  very  unsatisfactory  and  niattl 
Teiuitin  BO  until  some  one  has  succeodi'd  in  prodiiuing  it  bj'  cryittAllizft- 
tion  from  aqneoiis  eoliitioQ  by  sitiiple  cvaporatiou.  My  own  eK]>eri- 
meiits  oti  the  nrtificial  formation  of  nrao'  appear  to  detnoiiatrate  tiie 
liOQ-exi8teiice  of  tliu  salt. 

In  addition  to  tbu  analjaea  alroady  given,  wo havi'  Laiigier's^  exami- 
IlAtiou  of  a  Barbary  Hoda,  I'feitfiu-'a'  aiialyciH  of  an  Ea^t  Indian  wulu, 
land  Walltiw'fi'  of  Beveral  Hamplcn  of  eoda  from  the  Lnonar  Late. 
L  Walltico  calls  eopecial  attention  to  tbo  proportion  of  CO,  to  XaiOa!! 
.  ^own  by  his  work,  »nd  remarktj  thataltbongh  the  tiixt-books  generally 
I  Btatd  that  the  trona  from  Kgypt  and  other  localities  consiRt«d  of  Kodiutn 
Besqnicarbonate,  yet  the  analyses  show  that  the  gesquicarbonate  nml 
I  t3ie  neutral  carbonate  ari>  associated  in  nearly  equal  proportions,  and 
i  it  npitears  likewise  that  nnder  the  cironmstauoeR  in  n'hich  the  de|>o..ilii 
\  wore  made,  a  oomponnd  of  soda  was  formed  that  coDtaius  nearly  four 
I  equivalents  of  soda  to  five  of  carbonio  aeid.  In  no  oa.'^e  lia<l  he  foanil 
ktbe  Na^O  and  the  COj  to  bepresent  in  the  pi-oimrtionsnt^cowiary  triform 
r«itber  the  uoatral  vartmnale  or  the  se«qniearbonat«,  and  it  is  bis  opminn 
[rtliRt  lack  of  uuiformity  iii  statiug  the  results  of  analysis  waH  the  cauw 
■of  the  error. 
I    Tabulating  the  resnlts  of  these  analyses  we  have, 


Alli'ii,  IIlK  Lake.  ItnglDnn  tl'.  53).... 
Allvti,  Lllllu  Liku,  Knini'i'ii  |p.  59) . . 
ClmUnl,  LllUu  Ijiko,  lUgtuwii  [p.  B! 

WwHiwani,  Ruby  VuIIbj  (p.  Wi| 

Wuudward.  KwpCrwk  (p.  i»| 

Wiiodwud,  AnUlope  Vnllay  ip.  M). 
'Wondwanl,  llumbalill  Valluy  (p.  SB). 
Pfoiffor   

WMllaco,  DuUa  Khar 

WalliHMi,  Nnmnmck  Dulls 


It  is  evident  from  the  above  that  while,  in  each  case,  there  is  an 
excess  of  the  neutral  carbonate,  the  amount  of  this  excess  bears  no 
general  relation  to  tlio  amount  of  urao  or  of  sesquicarbonate  i>re.'ieiit. 
and  we  must  consider  natural  soda  either  as  au  indefinite  mixture  irf 

I  Pp.  78  et  8i.'([. 

°  Lankier:  Diujtter's  Pnlyt.  Jonr.,  vol.  IS,  p.  492. 
'  PfuifTpr:  Jouni.  f.  iiraltt.  Cliomic,  vnl.  CI,  p.  439. 
•Wallace:  CUooi.  ^uw*,  n«\.  ivitNU,  \>.«Ki, 
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he  uentral  carbonate  and  the  bicarlK)nate  or  as  a  certain  definite 
iompouud  of  these  two  salts,  having  the  composition  either  of  nrao 
NajOos^NaHCOs)  or  of  sesquicarbonate  (Na2C032NaHC03)  generally 
ntermixed  with  an  excess  of  one  or  the  other  of  the  two  constituents. 

No  other  combinations  of  these  two  substances  have,  up  to  the  present 
ime,  been  claimed  to  exist ;  the  evidence  for  the  sesquicarbonate  has 
)een  given,  and  it  remains  to  consider  the  proof  of  the  existence  of 
ii-ao,  not  only  as  an  occasionally  occurring  mineral,  but  also  tlie  sole 
uitunU  combination  of  the  ttco  carbonates. 

Uraofrom  Owen^s  Lake. — Wo  have  already  discussed  Bonssingault's 
malysis  of  the  original  urao,  and  showed  that  this  gave  percentages 
'emarkably  close  to  the  theoretical  for  the  formula 

NaaCO3,NaH0O3+2H2O, 

md  on  page  59  reference  was  made  to  certain  salts  fVom  Owen's  Lake 
?hich  are  now  to  be  considered. 

The  '^best  specimen,"  as  there  state<1,  is  the  result  of  the  spontaneous 
ivaporation  of  the  water  of  the  lake,  for  although  the  crystallization 
iccurre<l  in  an  artificial  ground  vat  and  the  first  crop  was  redissolved  in 
ike  water,  yet  nothing  was  added  to  the  water,  and  solar  heat  only  was 
he  evaporating  agent.  Hence  such  a  product  is  purely  natural  in  its 
haracter,  and  must  be  considered  as  a  ^^ mineral,"  and  not  as  an  artifi- 
ial  substance. 

The  piece  examined  was  one  of  several  broken  from  a  large  fragment 
f  the  crystal  sheet  covering  the  bottom  of  the  vat.  It  was  a  mass 
bout  two  inches  thick,  the  upper  i>ortion  of  which  was  well  crystallize<l 
nd  translucent;  the  intermediate  part,  an  interlamination  of  thin 
ranslucent  crystallized  sheets  and  of  fine  granular  crystalline  white 
naterial;  the  l)ottom  of  the  specimen  is  a  layer  similar  to  the  upper 
mrtj  but  thinner,  tbe  crystals  being  much  smaller. 

The  analysis  marked  "best  specimen"  was  made  from  the  upper 
portion,  which  presented  a  columnar  radiated  structure,  the  crystals 
Kiing  so  grown  together  that  the  terminations  alone  were  visible  sind 
hese  so  combined  together  that  each  combination  had  a  curved  ridge- 
ike  termination  or  cockscomb  form.  The  specific  gravity  of  the  ma- 
erial  was  2.1473  taken  in  benzol  at  21.7o  0.  The  "  crude"  is  the  fine 
;;ranular  material  from  the  central  part  of  the  specimen,  and  is  the 
mdissolved  residue  of  the  first  crop. 

The  "twig"  urao  was  formed  on  a  branching  grass  root  which 
lappened  to  be  suspended  in  the  wnter  of  a  small  natural  lagune  on 
;he  east  side  of  the  lake.  It  has  the  form  of  a  stout  twig  or  of  a 
)ranchiug  coral,  each  of  the  branches  forming  a  cylinder,  a  section  of 
^hich  shows  the  radiated  structure,  while  the  surface  of  the  cylinder 
8  rough,  the  curved  edges  of  the  crystal  aggregates  giving  a  lenticu- 
ar  apx>earance.  The  color  is  brownish,  and  one  side  of  the  specimen 
hows  crystals  of  XaCl  and  much  sand,  as  the  evavorivWow  oi  NiXw^^^aXsKt 
nally  left  it  lyinf(  on  the  imul  of  the  bottom. 
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The  "lagaiie"  apecimeu  is  froni  auotbci'  Biuall  lagone  near  by,^ 
oousists  of  ft  tlilri  slii't'l,  ttiitsurfacfw  of  wliicli  arc  magli  lik^thopre 
log  sppcimeu.     Culor  pink,  due  to  organic  tuatUtr-    (^<!  p>  95). 

"Beach  vat."  This  was  formed  iii  a  viitdugiti  the  beach  an<l  allows 
to  fill  by  seepage  from  the  Burrouiidiiig  soil.  Analyses  of  this  scepag 
water  will  be  foQud  ou  page  9i. 


Beit  ipeolnuii. 

AVMW 

.01 

.US 

.703 

SI.U 

aa.DT 

.IM 

.TOT 

SB  IS 

M.1V 

.191 
.BUT 
SB.  11 

20.  W 

3S.10 

KM) 

warn 

'"" 

Cd. 

Twig. 
1.02 

.06 

2.73 
.70 
35.2* 

L>Ciiae. 

BoMhimt. 

InwtoMelOreuiliJl.— 

.n 

1.07 
.71 

37. «) 

.40 

3i..» 

M.DB 

trace 

.02 

i.10 
.17 
.04 

35.10 
SB.  30 

fl.o 

13.  (K! 

18.  ai 

1.L58 

•  as 

10U,37 

00.119 

100.21 

W.7fl 

BO.IU 

99.71 

ffspvllictical  eompoi 


«peci,™n.| 
.02 

.10 

.1  08 

.00 

.01 
.3* 

1,12 

l,e..h 

Iu»luble 

HgCO. 

1 

I.M  j 

,1,,' 

1 

34-7* 

1.3* 

tzte 

33,03 

3.01 
l.« 

33.4* 

WMO, 

NM». 

N.1IC0,  

!«..,[ 

IIIO,2t 

90.76 

99.00 

90.71 

CIUTAlll>.] 
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I>educting  S'aCl  and  other  impurities,  as  before,  and  recalculating  to 
100  per  cent,  we  hav< 


Best 

46.57 
37.03 
16.40 

Grade. 

47.20 
86.22 
16.58 

Twig. 

Laj^nne. 

Beach 
vat. 

NajCO, 

KaHCOi 

H,0 

46.76 
37.04 
16.20 

50.35 
82.53 
17.12 

46.65 
36.83 
16.52 

a.sjvr      •.-••••••• 

100.00 

100.00 

100.00 

100. 00  ;    100. 00 

1 

Finally,  if  we  compare  these  new  percentages  with  the  theoretical 
IgoreB  for  urao,  already  given,  we  shall  find  the  following  diil'ereuces: 


Thw). 

10.  DO 
37.17 
15.93 

HC8t. 

— .  Xi 
—.14 
+.47 

Crude. 

+.30 
—.95 
+.65 

— * 

Twig. 

Lagune. 

+3.45 
-4.64 
+1.19 

Hoach 
vat. 

Na^COj   

Nan(;o, 

H,0 

-.14 
—.13 

+.27 

—.25 
—.34 
+.59 

^^y^     "••••  ••••"• 

Theae  small  differences  show  that  each  of  the  samples  is  urao.  In 
each  case  there  is  a  varying  amount  of  NaCl,  Na2S04  and  other  impu- 
rities to  be  deducted,  but  when  this  is  done,  the  residue  in  four  out  of 
the  five  samples  has  a  very  close  agreement  with  the  formula  of  the 
mineral.  In  the  case  of  the  ^Magune"  the  differences  are  quite  large, 
bat  as  the  local  circumstances  attending  the  production  of  each  speci- 
men are  well  known,  the  explanation  is  simple. 

The  ^^  best  specimen,''  although  obtained  like  the  others  by  the 
spontaneous  evaporation  of  the  natural  water,  is,  in  effect,  a  recrystalli- 
zation  occuring  in  a  shallow  basin  of  no  great  extent.  The  process  was 
slow,  the  insoluble  impurities  had  time  to  settle,  and  the  product  was 
gathered  as  soon  as  a  tendency  to  deposit  NaCl  was  observed.  That 
this  was  successfully  done  is  shown  by  the  analysis,  but  the  percentage 
of  NatS04  is  not  materially  different  from  that  of  the  other  specimens 
made  under  less  favorable  circumstances.  That  this  is  to  be  expected 
follows  from  what  we  know  of  the  relative  solubility  of  the  different 
salts.  The  solubility  of  NaOl  is  but  little  affected  by  changes  of 
temperature,  which  have  great  influence  on  that  of  the  sulphate  and 
carbonates.  The  sulphate  is  not  only  more  soluble  than  urao,  but  is 
ftlso  present  in  much  smaller  proportion  in  this  water,  hence  it  is  not 
cieposited  to  any  extent  until  most  of  the  urao  has  separated.  After- 
ward the  relative  amount  rapidly  increases,  as  has  been  shown  by  the 
Series  of  crystallizations  of  the  water  of  Owen's  and  Mono  Lakes. 

The  "crude,"  as  already  stated,  is  that  portion  of  the  first  crystal- 
lization which  was  not  redissolved.  As  the  first  crystallization  was 
iUowed  to  go  on  till  NaOl  had  been  deposited  in  some  quantity^  the 
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iDcreaaed  amouut  of  this  aalt  ttt  accounted  for;  but  as  tlio  process  wiu 
then  intvriipted,  littlomoris  Rulptiate  is  fouud  in  tliis  than  in  the  parwt 
Hpecimeus. 

The  "  twig"  uiao  shows  smaller  tliffereuoes  from  tlie  theoretical  pro- 
portions, than  any  of  the  others.  The  grass  root  on  which  it  formeil  wiu 
aiispeuded  in  the  water  of  the  shallow  oatutal  basin  so  that  the  crjsUl 
ligation  proc(«<Ieti  evenly  at  all  points.  It  was  only  when  the  deereaw 
of  the  water  left  the  specimen  lying  on  a  mud  bank  that  the  mU 
crystals  aud  sand  adhered  to  it.  If  these  impurities  are  deducted,  the 
remainder  is  a  practically  pure  urao. 

The  "beach  rat"  made  by  spontaneous  evaporation  of  a  lye  differing 
from  the  lake  water  iu  having  a  larger  pertientage  of  NaUOOj  and  a 
smaller  proportion  of  Nb,80„  is  also  very  close  iu  the  relations  of  tlie 
urao  constituents. 

Finally  we  have  the  "  lagune"  urao.  This  was  found  on  the  border 
of  the  small  laguue  which  was  then  dry.  It  is  apparently  the  reauU  at 
au  interchanging  concentration  and  dilution  of  the  mother-liquor  ia 
which  it  was  formed.  As  the  water  In  such  a  shallow  basin  evaporaCv^ 
the  tendency  is  to  leave  a  crnst  of  very  pure  urao  at  the  edge  of  tJ>e 
basin,  the  deposit  towards  the  center  becoming  more  and  more  impure 
aa  the  concentratiug  liquid  deposits  its  salt  and  sulphate,  and  becomes, 
as  the  experiments  show,  a  comparatively  pure  solution  of  moiiocaHfo- 
uate.  If  then  the  basin  be  re&lled  by  seepage,  as  would  be  the  uue 
when  the  lake  rises,  as  it  does  in  the  spring,  the  solution  would  couteiti 
alarger  proportion  of  the  neutral  carbonate,  and  in  consequence,  onre- 
concentriition,  leave  on  its  edges  a  unio  containing  an  excess  of  hydrateJ 
monocarbouate.  If  we  calculate  the  amount  of  urao  present  ui  tbiti 
sample  we  shall  tiud  lliat  the  excess  of  Ilia^OO^  and  H,0  is  almost  ex- 
actly the  amount  required  for  Na-iC 03+211,0. 

"LsKuni.."  Urao.  Nft/;O.  +  SB,0. 

NaaCOj 4H,  73  =  39, 73     +3.00 

NaHco, ^iMa^ai.'ja 

H,0 Iti.  r.7  =  13.  41)    +    3.06    +       .  Oa 


•J:i.  0(1  =  !<i,  71     T-  12.  OC     +     -2  22 

The  deficiency  of  one  ]>er  cent,  in  the  analysis  is  in  this  respect  au- 
fortunate,  but  can  not  be  easily  explained.  The  analytical  figures 
given  are  averages,  derived  from  two  or  more  closely  agreeing  determi- 
nations of  each  constituent,  the  list  of  which  comprises  every  thing  that 
caube  supposably  present. 

Artifidai  urao. — In  order  to  determine  the  conditions  under  which 
nrao  is  formed,  and  also  to  find  out  if,  by  spoutaueous  evaporation,  the 
sesquicarbonate  or  any  other  combination  of  the  mono  and  bicarbooate 
might  be  formed,  the  following  series  of  experiments  was  andertaken. 
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Some  of  the  analytical  results  already  obtaiQed  appeared  to  give  some 
iudications  of  the  existeuce  of  a  mixed  carbonate  having  a  formula 
12Niis0O3+NaE[G03+  x  H20.  If  this  could  be  separated  in  a  pure 
state  and  the  sesquicarbonate  also  obtained,  we  should  have  the  fol- 
lowing series: 

NagCOs Mono-carbonate. 

NasCOs -f  i  NaHCOs Supposed  salt. 

NasCOs  -h     NaHCOa Urao. 

iNasCOs  4-     NaHCOa Sesquicarbonate. 

NaHCOs Bicarbonate 

For  this  investigation  a  number  of  solutions  were  prepared,  each  of 
which  contained  NasCOs,  NaHOOs,  and  NaOI,  the  amount  of  each  salt 
employed  having  a  certain  definite  relation  to  its  molecular  weight. 
NaCl  was  used  because  its  presence  appears  to  exert  a  favorable  influ- 
ence on  the  crystallization  of  the  mixed  carbonates. 

Solution  No.  1  was  intended  to  produce  the  ^<  supposed  salt,''  and  was 
therefore  made  up  as  follows:  10.5  grams  NaUCOs  (=^  molecule) 
26.5  grams  NajCO  (=J  molecule)  were  dissolved  in  water.  To  this  so- 
lution were  added  26.5  grams  Na2003  and  29.25  grams  NaCl.  These 
latter  amounts  are  purely  empirical,  an  excess  of  NazCOs  seemed  to  be 
needed,  so  that  a  quantity  equal  to  that  already  present  was  added,  and 
as  we  then  have  half  a  molecule,  29.5  grams  =  ^  mol.  NaCl  was  used. 
The  solutions  as  evaporated  contained : 

No.  1.  10. 05  grams  NaQCOa  =  i  molecule. 

53. 00  grams  Na3C03   =  i  molecule. 

29.25  grams  NaCl        -=  i  molecule. 
No.  2.  21. 00  grams  NaHCQj  =  i  molecule. 

53. 00  grams  Na^COa    =  i  molecule. 

29. 25  grams  NaCl        =  i  molecule. 

This  proportion  was  expected  to  yield  urao  : 

No.  3.  42. 00  grams  NaHCOa  =  i  molecule. 
53. 00  grams  NasCOs  =  i  molecule. 
29.25  grams  NaCl        =  h  molecule. 

The  amount  of  NaHCOs  being  twice  as  great  as  in  No.  2,  there  was 
a  possibility  of  the  formation  of  sesquicarbonate. 

In  the  course  of  six  weeks  No.  1  had  deposited  a  crop  of  acicular 
crystals.  The  mother  liquor  was  i)0ured  off,  leaving  a  large  group  of 
small  but  good  crystals,  and  a  number  of  smaller  groups.  These  were 
collected  and  carefully  dried  between  filter  paper,  remaining  perfectly 
transparent  and  unaltered  in  the  air.  In  the  course  of  another  week  the 
mother  liquor  yielded  a  second  crop  of  acicular  crystals. 

No.  2  deposited  at  first  some  crystalline  scales,  afterwards  acicular 
crystals  were  formed ;  this  material  was  collected,  and  the  scales  were 
carefully  separated  from  the  other  crystals. 

No.  :i  behaved  like  No.  2,  except  that  the  crop  of  scales  was  larger. 

The  salts  thus  obtained  were  analyzed^  gWiwg  t\ie>  ioWQv?*\\i%  ^^'SsxJNJ^, 


Wo  sue  tberefore  that  No.  1,  Ist  crop,  in  tmio,  plus  4.70  KaHCOj, 
vhile  in  No.  2,  Ist  crop,  tbe  Rcales  iiio  ticarly  pine  tticnrbunate. 

Tlie  sciUus  of  No.  3  being  in  all  respucts  similiir  to  those  of  No.  2  i 
of  No.  7  (to  be  described  later),  werecoosiderod  aa  being  NiiHCOi,! 
were  not  analyzed. 

In  tbe  nii'iin  liineotlier  solutions  bad  been  prepared,  in  wliiili 
only  the  relative  proportions  of  NajUOj  andNallUU^  were  vitritd,  liul 
also  that  of  N:iOI,  in  order  tbat  the  proper  proportions  of  a  tjjiical 
solution  for  the  production  of  urao  might  be  determined. 

For  this  i)urpose  u  solution  of  Na^COs  was  prepured,  200  cm'  of 
which  contained  53  grams  of  tbe  salt,  tbe  amount  taken  for  each  experi- 
ment, the  other  salts  being  added,  together  with  snflicient  water  to 
effect  complete  solution. 
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111  preparing  No.  4,  the  NaHCOa  was  added  in  portions  to  the  200 
a^  of  JSTaiaOOa  solution,  which  was  vigorously  shaken  after  each  addi- 
3n,  but  to  effect  complete  solution  it  was  necessary  to  add  water  until 
le  volume  measured  250cm^.  To  this,  the  NaOl  was  added,  and  the 
hole  again  shaken ;  an  emulsion  was  formed  which  speedily  became 
»lid,  so  that  the  vessel  could  be  inverted  without  loss.  Portions  of 
ater  were  gradually  added  until  a  clear  solution  was  obtained,  the 
suiting  liquid  measuring  590cm^  With  JSTo.  5  the  NaHCOa  dissolved 
)mpletely  without  addition  of  water,  but  on  putting  in  the  NaCl  and 
lakiug  a  solid  mass  resulted,  measuring  220cm^  Water  was  then 
Ided,  and  the  final  solution  measured  300cm^  The  same  phenomenon 
as  observed  with  each  of  the  other  preparations,  and  all  were  allowed 
)  spontaneously  evaporate. 

No.  4  deposited  at  first  a  quantity  of  scales,  but  soon  began  to  form 
rao.  The  mother  was  then  iioured  off  and  subsequently  produced  a 
irge  crop  of  urao,  the  mother  liquor  of  which  deposited  NaCl  in  small 
at  very  brilliant  cubes. 

No.  5  formed  radiating  wisps  or  sheaves  of  very  good  and  quite  stout 
5icular  crystals  (No.  5, 1st  crop.)  The  mother  liquor  continued  to 
•rm  these  crystals  and  after  some  time  was  poured  off.  This  second 
other  liquor  produced  in  time  several  large  masses  of  apparently  tab- 
ar  crystals,  together  with  a  small  quantity  of  fine  needles.  These 
asses  were  collected,  and  as  they  showed  a  strong  tendency  to  eifior- 
ice  and  a  portion  plaeed  in  a  small  bottle  became  partially  liquefied  at 
le  atmospheric  temperature  of  32*^0.  (QO^F.),  there  is  no  reason  to 
)ubt  that  they  were  the  ordinary  decahydrated  salt  NajCOa+lOIIxO. 
No.  6  yielded  a  large  crop  of  beautiful  groups  of  radiating  acicular 
'ystals  (No.  6,  1st  crop).  The  mother  liquor  continued  to  form  small 
ncular  crystals,  finally  NaCl  in  cubes. 

No.  7  deposited  crystalline  scales,  and  when  acicular  crystals  began 
>  form  the  mother  liquor  was  poured  off  and  the  needles  carefully 
^parated  from  the  plates  (No.  7, 1st  crop).  The  mother  liquor  yielded 
sicular  crystals  and  NaCl. 

Nos.  8  and  9  each  deposited  acicular  crystals,  and  the  mother  liquor 
'as  poured  off.  The  mother  liquor  of  No.  9  formed  a  quantity  of  fine 
eedles  so  matted  together  as  to  present  a  woolly  appearance.  (No.  9, 
d  crop). 


H,0. 
CO,. 
Na,0 
NaCl 


No.  5, 
firBt  crop 
acicular. 


19.54 

37.88 

41.02 

1.72 


100.16 


No.  6, 
first  crop 
acicular. 


19.42 

37.76 

39.  &5 

2.88 


99.91 


No.  7. 

flmt  crop 

acalcM. 


11.63 
51.52 
36.49 
TTndet. 


No.  0,  second 

crop  acicular, 

matted. 


18.91 

36.46 

39.32 

5.58 


99.64 


100.27 


\ 


Bull  60- 


6 


WASUINOTON    LAItORATOKY. 
Hf)poAelieat  eompoiiUon. 


i9.M 

L7Z 

43.  ze 

30.19 

Dndel, 

33. «» 
S.S8 

loe-n 

m.«] 

»-W 

m-^ 

LOalculatiug  the  amoant  of  arao  »»  before,  we  get 


XU<.t,6ntonp. 

Ko.B,ar«on.i., 

1I«. 

H^,COrH,0. 

R«M„, 

Dno.    StaCO,. 

BealdM. 

14.  U 
31.(8 

Lit 
0.71 

.47 

.n 

^ 

»,n         .w 

la 

1.71 

w.us 

7.ffll 

a  IB 

W.M               .SO 

3,« 

KD.T.IIman)|i. 

HcLueoDdonp. 

PtM- 

+llanCOr 

+B(»ldilc. 

Unw- 

-l-K»^OrHA 

+RMddaB. 

ii,o   .... 

M^HCO.. 

.a 

.70 

14.00 
41.24 
32.88 

l^» 

M 

■7,67 

Uii,l^l, 

t.H 

1.117 

•"'1       ■"i"-" 

0.17 

0.08 

Tlie  early  products  of  the  other  solutioDa  did  uot  differ  iu  physical 
properties  from  those  examined,  and  were  therefore  not  analyzed.  Tlie 
mother  liquors,  however,  if  allowed  to  eva|)orate  till  all  the  unwanil 
most  of  the  NaCl  had  beeu  deposited,  yielded  crops  of  the  moDoby- 
drated  carbonate  Na^jCO^,  H.;0,  as  was  shown  by  analysis ;  batanycou- 
sitlerable  fall  in  the  temiH-ratiire  of  the  solution  caused  a  crystalliia- 
tion  of  the  decahydrated  salt.' 

l<Vom  the  results  before  us  it  is  evident  that  no  each  componndaB 
the  sesquicarbonate  is  obtained  from  a  solution  of  the  two  carbonates  by 
spontaneous  evaporati  on  and  crystallization,  and  no  other  compound 
carbonate  but  urao  was  produced  i  n  any  of  these  esperiments.  If  there 
is  an  excess  of  NanCO,  present  this  will  separate  first,  but  the  ueit 

'An  abstract  of  i.liose  results  w.is  imbliabod  iu  a  paper  on  "Urao,"  in  Am.  Joiir.Sci., 
vol.  38,  July,  IriSO,  p.  59  bi'(|.  TIib  cryst.ila  oblniuc<l  a»  above  were  cryataUogn^li- 
ically  oxaiiiineil  by  Mr.  Eilnanl  F.  Aj^res,  n'lio  pub]iBh<^d  his  results  io  Uie  mum 
number  of  tlio  Journal.  He  sbon-H  tbal  urao  is  monncliuic,  but  that  tbo  angles  diffe 
but  slichtl;  from  those  of  orlhorbonibic  forms,  ami  quoH's  Zopharovicb  (Zeitachiill 
f.  Kryst.,  vol.  13.  p.  I'Jri,  Igi^),  who  obtained  similar  resDltH  od  a  urao  formed  IM- 
dentally  by  RL'inilKCT,  wUnso  ana\\-lKald<!ti'rmiimtion«  agree  with  my  OFP,  BeiniW 
gires  &a  sp.  g.  'i.H,  my  own  i\el6tn\\na\\nn  \«sTOx'i-\Vl^. 
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prodact  will  be  urao.  As  the  urao  crystallizes  upon  and  intermi 
^th  the  previoasly  separated  bicarboDate,  it  is  clear  that  unless 
two  are  carel'ally  separated  an  analysis  of  the  product  may  give  resi 
ranging  all  the  way  from  pure  bicarbonate  tb  pnre  urao,  or  ultimal 
the  neutral  carbonate.  The  variations  in  the  analyses  of  natural  s 
sure  thas  explainable,  since  the  bottom  part  of  a  cake  of  such  s 
should  generally  be  richer  in  bicarbonates  than' the  rest.  This  wil 
etill  more  likely  if  much  NaGl  is  present  in  the  solution,  since,  as  she 
\)j  No.  6,  NaHCOs  ^^  separated,  although  the  proportion  of  Nas^ 
present  was  four  times  that  required  for  urao.  In  JSTo.  5  the  pro] 
tion  of  NaHOOa  or  of  NaCl  is  too  low,  as  shown  by  the  presenc< 
IfaiGOs  in  the  first  crystallization.  No.  9,  which  was  considered  £ 
crucial  test  of  the  possibility  of  the  formation  of  the  *<  supposed  sa 
^ve  even  as  its  second  crop  only  urao,  the  amount  of  Na^COa,  I 
l>eing  too  small  to  be  considered  otherwise  than  as  an  impurity.  [ 
first  products  of  No.  2  and  No.  7  are  NaHOOa  almost  pure,  as  was  i 
ISo.  3, 1st  crop,  and  No.  4,  Ist.  No.  2  differs  from  No.  4,  as  does  N( 
from  No.  7,  only  in  having  one-half  the  quantity  of  NaOl ;  all  of  tL 
deposited  NaHOOa,  but  No.  2  less  than  the  others. 

No.  1,  which  in  amount  of  NaCl  is  midway  between  Nos.  5  and 
ehows  more  NaHCOa  than  No.  6,  but  less  NaCl.  In  this  ca^e 
amount  of  NaCl  in  the  solution  was  not  sufficient  to  separate  NalK 
until  the  solution  had  become  sufficiently  concentrated  to  deposit  ur 
vhen  both  salts  crystallized  together.  This  is  ind'icated  by  No. 
vhere  the  increase  in  the  amount  of  NaHCOs  had  the  effect  of  dcpo 
ing  a  portion  of  it  before  the  urao  had  formed. 

That  the  presence  of  NaCl  is  not  necessary  for  the  formation 
urao  was  proved  by  the  following  experiment.  A  saturated  solut 
of  chemically  pure  sodium  carbonate  was  prepared,  and  into  this  p 
carbonic  acid  was  forced  under  pressure  until  a  considerable  amoi 
of  bicarbonate  had  been  deposited.  The  solution  was  then  filtei 
and  put  aside  to  evaporate  spontaneously.  No  further  separation 
ISTaHCOa  was  observed,  and  in  time  a  crop  of  acicular  crystals  ^ 
obtained  which  on  analysis  yielded  the  following  results : 

Urao.  NasCosHsO.        Itesidue. 

HsO 20.14        HiO 1(1.3:^^15.21  -f     .r)9    -|-     .53 

NagO....  41.40        NajCOa....  48.35=  44.85  -|-  3.50 

COa 38.69        NallCOa-. .  35.55  =  35.55 


100.23  100.23       95.61  4.09  .53 

The  salt  is  therefore  urao  with  a  small  proportion  of  Na2C03,  H 
The  residue  of  water  is  very  nearly  sufficient  for  the  dihydnited  s; 
bat  in  view  of  what  has  been  already  shown  it  is  more  reasonable 
consider  it  as  an  excess.  It  will  be  observed  that  no  tendency  to  fc 
sesquicarbonate  is  evinced,  although  it  would  seem  that  the  circi 
^t^pces  were  most  favorable  for  its  production, 
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Experiment  has  alHO  Hhowu  tliat  if  u  moderately  concentrated  sMo-  ' 
tion  (if  pure  >IagC<):i  lie  oxiwHed  to  liiu  ^lir  uulil  crystallization  begiuo,  ' 
the  tirst  orystitU  obtiiini-il  nrc  urao,  owing  to  the  absorption  of  COi 
from  the  air  during  the  slow  evaporation.  It  is  therefore  very  remark- 
able that  the  voluminous  literature  of  aoila  takes  such  slight  notice 
of  this  salt,  which  must  have  been  so  frequently  seen  by  those  working 
with  s(xliL  salts.'  Evt^it  Liiuge's  great  n'ork  mentions  urao  but  once,  aud 
then  only  )i»  a  synon.ytu  lor  troua,  although  its  nature  ami  propertiea 
woulil  appear  to  give  valuable  hiubs  for  [^cbnical  work. 

Ae  has  been  already  seen,  Wallace  had  a  suspiciou  that  Bn«h  a  com. 
pouud  existed,  but  Moudesir'  btu  the  credit  of  beiug  the  lirat  to  pabliab   < 
a  method  for  its  piodnction  in  a  pure  state.     After    alluding  to  tha   ■ 
doubts  concerning  the  nature  of  "sesquicarlrauate,"  he  give»  an  acuount 
of  his  work  on  the  mineral  waters  of  Itoyal,  in  the  course  of  which  ha 
estikblished  the  jtrosi'Qce  of  urao.     In  describing  it  he  says: 

ThU  aalt  ia  very  stable  ia  efttiirnlcit  xoliitioDS  of  NaCI  pioliably  becaaao  it  U  onljr    I 
Bliglitly  finluble  wen  with  tlie  aid  of  heat,  anil  otuqoii  boiliug  Iuwm  its  auid  oarboola 
oold  with  uxcoaaivfl  alownenH.     MevortlioIiHa  a  certain  eieras  of  tbe  ueatral  carbonila    , 
id  Decettsary  fur  itx  pnitwrviitiou.  i 

His  method  of  preparation  is  to  dissolve  28  parts  of  Na<Jl  and  38  i 
partsof  NajOO,.  lOHjO  In  100  parta  of  water.    The  solution  is  tiiea   | 
heated  nearly  to  boiling  aud  a  thuronghly  incorporated  mixture  of  8  parU 
IJaHCOj  and  28  of  NajCOj .  10H,O  is  gradually  added  in  small  porlioiiit,    '» 
the  liquid  being  colitinnally  stirred,  and  the  loss  by  evaporation  being    < 
made  good  by  a<ldition  of  distilled  water.     As  soon  as  the  sulutiuii  is 
complete  the  liquid  is  allowed  to  cool  slowly,  when  the  urao  crystallizes . 
jn  line  neeiUes.     He  advises  that  the  temperature  of  the  liquid  should 
not  be  permitted  to  go  below  SO'^C.  (68°?).    The  salt  crystallizes  iQ 
fiue  needles  matted  together,  and  when  treated  with  water,  is  deuom- 
jmsed,  NaiCOj  going  into  solution,  while  NaHCOj  is  undissolved. 

To  this  salt,  which  he  recognizes  as  beiug  the  same  as  Boussingaalt's 
urao,  lie  gives  the  name  "carbonate  quatre-tiers,"  or  "four-thirds  car- 
bonate," on  account  of  the  relation  of  CO2  to  NajO.  In  the  sesquicar- 
bouato  we  have  the  relation  of  oue  aud  one-half  equivalent  of  (JOi  to 
oue  equivalent  of  NajO,  whence  its  name,  while  iu  urao  the  relation  ia 
four-thirds  of  an  equivalent  of  a«id  to  one  of  base.  It  might,  therefore, 
be  called  the  "  t«tra-trita"  or  "tetrita  carbonate." 

Mondesir's  view  that  the  presence  of  NaCI  and  excess  of  NajCOj  is 
of  value  in  the  formation  of  the  salt  is  in  harmony  with  my  owu  re- 
sults, though  my  work  shows  that  the  NaCI  is  not  absolutely  necessary, 
and  that  the  aid  of  artificial  beat  can  be  dispensed  with  unless  the  !it- 
niospherie  temperature  is  below  20'^C.  If  the  solution  is  cooled  down 
below  that  point,  the  excess  of  NaiCOj  is  liable  to  crystallize  out  as  tbe 
decahydrated  salt. 

'  See  note  on  p.  S'i  conoorning  Keinitzer's  nork. 

'MoDdfHir,  Pauldc;  CoinvlB»B.6'QAv\B,l\»v;'.\,\'*Sl,  tvi.«i,5. 1505, 
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ANALYTICAL    METHODS. 

The  analytical  methods  employed  in  these  analyses  are  in  general 
well  known.  The  salts  and  solutions  necessarily  contain  only  traces 
of  other  bases  beside  alkalies,  and  those  were  determined  in  the  usual 
manner.  Silica  may  exist  in  some  quantity,  but  the  amount  is  usually 
small. 

SO3  and  CI  were  determined  gravimetrically  and  in  duplicate,  the 
results  agreeing  in  most  cases  very  closely.  When  SO3  is  precipitated 
by  BaOls  in  such  solutions  containing  alkaline  salts  only,  and  these  in 
small  qaantities,  and  care  is  taken  that  the  precipitant  is  in  slight 
excess  only,  the  precipitation  is  both  rapid  and  complete  and  the 
precipitate  is  pure,  the  after  treatment  with  HGl  rarely  showing  a  loss 
of  any  consequence. 

The  OO3  was  determined  by  distillation,  the  gas  being  collected  and 
weighed  in  a  Liebig  potash  bulb,  and  the  apparatus  and  method  are 
fully  described  in  <*  Analyses  of  waters  of  the  Yellowstone  National 
Park.»  Gooch  and  Whitfield,  Bulletin  No.  47,  U.  S.  Geol.  Survey,  p.  15. 
With  care  and  experience  the  results  agree  very  closely.  For  the  boric 
acid,  in  the  water  of  Owen's  Lake,  the  excellent  method  of  Gooch  ^  was 
followed;  for  the  Mono  and  Ragtown  waters  the  process  ot  Stromeyer, 
with  modifications  of  my  own,  was  used;  but,  though  giving  very  fair 
results,  the  process  can  not  be  compared  for  ease,  simplicity,  and  accuracy 
with  the  former  method. 

The  determination  of  the  alkalies  in  such  very  dense  waters  was,  at 
first,  found  to  be  difficult,  owing  to  the  large  quantities  necessiirilv 
taken.  To  get  determinations  which  shall  be  fairly  accurate  when  re- 
ferred to  a  liter,  portions  of  not  less  thau  50cm^  should  be  taken,  the 
water  in  all  cases  being  carefully  weighed.  The  amount  of  alkaline 
chlorides  corresponding  to  50cm'  of  such  waters  is  very  largo,  and, 
when  the  final  evaporations  are  being  made,  there  is  great  liability  to 
loss,  owing  to  the  formation  of  a  salt  crust  on  the  surface  of  the  li(iuid 
and  subsequent  spirting,  caused  by  steam  and  ammonia  vapor  produced 
under  the  crust  This  takes  place  no  matter  how  carefully  the  evapo- 
ration be  carried  on,  and  many  determinations  were  thus  lost. 

The  use  of  hydrochloric  acid  enables  us,  however,  to  completely 
obviate  this  difficulty.  The  purified  alkaline  chlorides  are  to  be  evapo- 
rated tiU  crystallization  begins ;  the  platinum  vessel  is  then  removed 
from  the  water  b<ath,  and  an  equal  bulk  of  very  pure,  highly  concen- 
trated hydrochloric  acid  added  to  the  solution.  A  copious  precipita- 
tion of  finely  granular  salts  at  once  ensues,  and,  on  replacing  the  vessel 
on  the  water  bath,  evaporation  goes  on  quietly  and  rapidly,  no  salt 
crust  is  formed,  and  when  the  final  heating  is  given,  little  decrepitii- 
tion  occurs.    In  this  manner  it  is  <as  easy  to  handle  several  grams  of 

•  QiX)ch :  I'roc.  Am.  Acail.  Sc\.,  Id^,  \»,  \Qn . 
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cMorides  and  to  obtain  accurate  detorminations  as  it  is  wheu  we  have 
to  deal  with  the  far  smaller  quautities  usual  in  mineral  unalf  sis. 

The  water  in  the  salts  waa  determined  by  means  of  the  apparatus 
figured.  A  i3  a  combustion  tube  drawn  out  and  bent  at  a  ri^ht  auglr. 
The  platinum  boat  B,  containing  the  salt,  rests  upon  the  thin  sheet  of 
asbestos  paper  C,  used  to  [ireveut  adhesion  between  the  platinum  luid 
the  heated  ghiss.  D  is  a  roll  of  asbestos  pa|»er  wrapped  with  thin 
platinnm  wire,  which  tits  loosely  in  the  tube  and  prevents  back  cur- 
rout6  of  air  during  the  heating.  The  bent  end  of  the  combustion  tolw 
eaters  one  Hm  U  of  the  U  tube  E,  which  is  my  own  form,  and  differs,  as 
the  drawing  shows,  materially  from  the  forms  now  on  the  market,  iu 
baring  an  efii>ecially  large  bulb  at  the  bottom.  The  two  limbs  of  this 
tube  are  tilled  with  glass  beads  wet  with  sti'ong  sulphuric  a^id.  Suffi- 
cient acid  should  be  put  iu  so  that  the  narrow  tubes  are  filled  up  to  the 
bends  and  the  air  foreod  to  bubble  through. 


Fig.  1,— Apparatua  for  iletormination  of  -wivtor. 


In  using  the  apparatus  the  tube  is  thoroughly  heated  and  then 
allowed  to  cool,  a  current  of  perfectly  dried  air  being  coutinually  passt'il 
through  it.  The  part  of  the  tube  where  the  boat  is  placed  is  protecttil 
by  a  semi-cylinder  of  sheet-iron  lined  with  asbestos  paper. 

The  U  tube,  having  been  weighed,  is  then  attached  to  the  combus- 
tion tube  iis  shown  and  the  air  current  regulated.  The  platinum  boat 
which  has  been  heated  and  then  cooled  in  a  desiccator,  is  now  weighed 
and  about  one  gram  of  the  salt  put  into  it  and  spread  evenly  along 
the  bottom.  The  salt  should  be  very  finely  pulverized  to  prevent  Ue- 
crepitation  on  heating.  Tlie  boat  with  itscontents  having  been  weighed, 
it  should  at  once  bo  inserted  into  the  tube  and  the  asbestos  plug  D- 
which  has  been  highly  heated  and  should  still  be  hot,  shoved  in  cloae 
behind  the  boat. 

The  tube  is  now  heated  gradually,  beginning  at  the  plug.  As  the 
water  in  such  salts  is  driven  out  iu  great  part  at  a  low  feniporature 
the  heating  nuist  be  done  cautiously  and  the  air  current  watehed,  since, 
if  it  is  too  slow,  water  may  condense  in  the  cold  part  of  the  tube  behinil 
the  ]>lug.  This  regulation  of  the  air  current  is  the  more  diflicult,  since 
the  auid  (JO^  of  the  bicarbonate  is  set  free  simultaneously  with  the 
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water,  bat  apon  it  and  the  gradual  heating  depends  the  saccess  of  the 
operation. 

The  water  bath  F,  of  which  F'  is  a  top  view,  is  now  pat  into  position^ 
80  that  one  limb  of  the  U  tube  fits  into  the  carved  recess  in  the  side  of 
the  bath.  A  small  alcohol  lamp  keeps  the  bath  hot,  so  that  the  water 
driven  oat  of  the  salt  may  not  condense  in  the  upper  part  of  the  limb. 
By  the  use  of  this  bath  th^  time  of  the  operation  is  much  shortened. 

As  soon  as  that  part  of  the  tube  containing  the  boat  appears  free 
from  condensed  water  it  should  be  highly  heated  until  all  the  moisture 
has  disapi)eared  from  the  drawn-out  portion.  This  will  generally'  take 
from  twenty  minutes  to  half  an  hour,  and  when  completed  the  water  bath 
is  removed  and  the  apparatus  allowed  to  cool,  the  air  current  being 
still  kept  up.  As  soon  as  the  tube  is  cool  the  (J  tube  is  disconnected 
and  the  boat  removed  and  placed  in  a  small,  well-stoppered  glass  tube, 
which  has  been  weighed.  The  increase  of  weight  of  the  U  tube  gives 
he  amount  of  water  in  the  sample,  while  the  weight  of  the  small  tube 
containing  the  boat  and  calcined  salt,  if  subtracted  from  the  sum  of 
the  weights  of  the  boat,  the  salt  taken  and  the  weighing  tube  shows  a 
loss  which  is  the  water  plus  the  acid  GOj  of  the  bicarbonate.  The 
calcined  salt  which  should  be  sintered  together,  but  not  fused,  can  then 
be  used  either  for  a  determination  of  the  residual  GO2  or,  as  is  usually 
done,  dissolved  and  the  alkali  determined  by  standard  sulphuric  acid, 
methyl  orange  being  used  as  the  indicator,  the  same  portion  being  then 
used  for  the  01  determination. 

Many  attempts  were  made  to  collect  and  weigh  the  GO2  driven  ofi*  by 
heat,  but  it  was  found  impracticable  to  do  so  without  at  the  same  time 
sacrificing  the  water  determination.  No  matter  how  carefully  the  heat 
and  air  current  are  regulated,  the  CO2  comes  off  too  rapidly  for  proper 
absorption  in  the  potash  bulb,  apd  if  the  air  current  is  too  slow,  water 
condenses  back  of  the  plug  and  this  determination  is  too  low. 

When  no  attempt  is  made  to  absorb  the  GO2  the  results  are  very 
satisfactory.  In  the  analysis  of  urao  ^^  best  specimen  ^  given  on  page 
76,  we  have  as  the  mean  of  three  closely  agreeing  GO2  determinations 
38.13  per  cent.,  while  two  determinations  of  the  alkali  gave  40.28  per 
cent.,  equivalent  to  28.58  per  cent,  of  GO2  required  to  make  mouocar- 
,  bonate.  Deducting  this  amount  from  that  of  the  total  GO2  we  have 
9.56  per  cent,  as  the  acid  GO2  of  the  bicarbonate  present.  The  deter- 
minations with  the  above  described  apparatus  gave  the  following 
results : 


SaltUkon.1  ^^^^^ 


1.0040  , 
1.0490  ! 
1.1583  i 

1.0638  I 


29.51 
29.58 
29.49 

29.  .•>3 


n,o. 


20.12 

20.09 
20.00 

20.07 


Differ- 
once  =COj. 


9.39 
0.49 
0.49 

0.46 


WAUUIKGTON   LABORATOBV. 

Wo  have  therefore  as  iiverugu  9.i(i  per  cent.  CO,  fomid,  whicti  bfing 
dcilnutud  from  thi^  ualciUated  auiouiit  U.05,  leaves  au  excwas  of  U-Wixt 
.ccut.  not  driven  off. 

Ill  another  aample  of  urao : 


I 


SaltiiVon. 

boat 

29. 3( 

a).  s» 

20.  M 

n,0- 

one»='(W 

rr*v3ii«. 

co„ 

1.JMT 
I.IOM 
1.088U 

IS-W 
10.83 

iB.es 

II.K1 

U-fO 

3H.6T 

un 

38.14 

38.03 

1.17B1 

a.  32 

18.82 

B.M 

^■'= 

38.  IZ 

Two  determination  9  of  total  00;  pave  38.17  RTid  38.22  per  ccnt.- 
avuraRP  38.10.  Two  determinations  of  alkali  gave  40,1!)  and  40,22  per 
(sent.  Na^O,  average  40.130 — utinivulHut  tn  23,53  per  cent.  CO}.  Hence, aa 
liS.Gli  ]>er  cent,  OOj  was  found  in  the  re.sidiie  and  only  2^.53  was  new* 
»ary  for  the  combination  NajCOa,  we  have  28.62 — 28.63=0.09  per  uenl. 
CO)  not  driven  off. 

lu  a  sample  of  Trommsdorff's  C.  P.  sodium  bicarbonate  there  wi» 
foand : ._^ 


Uken. 

I.1ZC5 
l.NMS 

1.3723 

Lomof 

H^. 

Differ- 
ui*c=C0,. 

teilSoe. 

Sum  of 
CO.. 

36.  «1 

10.  M 
10,  OB 

35  77 

as,  91 

2S.7S 

28. 2S 
28.37 

52.13 

,.,»|..,,. 

10.9= 

25.81  1       20.31 

S2.0» 

i 


Two  determinations  of  total  00,  gave  52.0C  and  51.90,  average  5I.5S 
per  cent.  Two  detorminatious  of  alltali  gave  'M.S6  and  36.90,  iivempe 
3fi.S.S  per  cent.  Na^O,  equivalent  to  26.17  per  cent.  COj.  SnbtracHtif 
26.17  from  26.31,  the  average  amount  in  the  residue,  we  have  0.14  i*r 
cent.  C0»  not  expelled  by  heating  to  the  Minteriiig  point. 

Comparing  these  amounts  of  excess  of  CO*  retained  by  the  residoea 
of  the  ignitioD,  we  tiud  the  following  relation : 


E"Sr.J 

zSF 

per  cent 

Relation  of 

I 

l.MStl 

0,09 

o.osi 

1,1761 

0.09 

0.trJT 

4 

1,42M 

O.lt 

0.001 

O.OU 

Henco  we  may  say  that  if -•iodiiiin  bicarbonate,  or  a  gait  containing^ 
larpe  proportion  of  it,  is  lieatwl  litl  it  sinters  ijithout  fusing,  ami  is 
fr«/>t  af  that  temperature  fur  o\)ft  \»i.u\v,  \t  ¥,^A\  vfXwiwa  V.'^ai.w  excess  of 
the  auioiiiit  required  to  fovm  mouoii.wViow'a.Xfc  n'jXXN.i.  V>i.e.  ^V*X\  -o^si'wsS-, 
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and  that  for  (j^iaulities  of  from  I  to  L.5  grams  this  excess  may 
considered  as  one-tenth  of  one  per  cent,  of  the  weight  of  the  salt  taki 
For  an  analysis  of  sodium  bicarbonate  by  means  of  this  method 
is  therefore  sufficient  to  determine  the  loss  by  ignition,  the  HjO,  a 
the  alkali  in  the  ignited  residue  to  obtain  the  total  amount  of  GO2 
the  sample,  adding  in  an  amount  of  GO2  equal  to  0.10  per  cent,  of  t 
weight  of  the  salt  taken.  This  method  for  the  analysis  of  bicarboni 
or  '^  baking  soda  "  is  much  more  rapid,  far  easier  and  quite  as  accnrj 
as  the  distillation  process,  and  may  prove  of  value  for  technical  pi 
poses* 

OBiaiN  OF  NATUBAL  SODA. 

We  have  seen  that  this  material  occurs  in  many  widely  sepamt 
localities,  which  have,  perhaps,  but  one  characteristic  in  comm( 
Qamely,  a  very  dry  climate.  The  presence  of  volcanic  rocks  belongi 
bo  late  geologic  periods,  though  proved  in  many  instances,  has  not 
^et  been  shown  for  a  few  of  them,  such  as  Hungary  and  Egypt. 

Dryness  of  climate  has  no  other  effect,  probably,  than  to  retain  witl 
^  given  region  its  product  of  natural  soda,  which  would  otherwise 
soutinnally  carried  off  to  the  sea  through  natural  drainage,  though  t 
consequent  inclusion  of  the  drainage  in  closed  basins  may  be  necessa 
;o  permit  of  certain  chemical  after-reactions. 

In  an  arid  region  like  our  Great  Basin,  but  a  small  portion  of  t 
otal  rainfall  reaches  the  ocean.  Eivers  of  considerable  magnitude  ti 
iiinate  in  ^' sinks"  or  lakes  without  outlet.  Such  lakes  are  natura 
inpregnated  with  salts,  since  each  drop  of  inflow  brings  its  quota,  a 
he  only  loss  that  such  a  basin  suffers  is  by  evaporation,  which  carrj 
rff  no  solid  matter. 

(Tuless  chemical  changes  occur  in  the  lake  itself,  such  a  body  of  wal 
epresents  a  simple  concentration  of  its  inflowing  streams,  and  if 
Ind  it  to  contain  any  given  salt,  it  is  evident  that  this  salt  has  eitl 
^een  brought  as  such  into  the  basin,  or  is  a  product  of  chemical  aft 
eactioDS  among  the  constituents  of  the  lake  water.  If  the  salt  h 
hden  brought  as  such  it  is  a  product  of  rock  or  soil  decomposition,  a 
(3  in  solution  as  a  result  of  a  leaching  process,  whether  the  water  cai 
rom  a  deep-seated  spring  or  is  a  mere  surface  drainage. 

Theexistenceof springs  carrying  sodium  carbonate  is  wellkno\^ 
lince  many  of  them  have  a  world-wide  reputation  for  their  medicii 
lualities.  Although  most  of  them  are  weak  solutions,  a  comparis 
>f  their  compositions  wifii  those  of  the  waters  described  in  this  pai 
mil  show  that  they  would  by  sufficient  evaporation  yield  a  very  pi 
natural  soda.  The  sodium  carbonate  in  such  springs  is  produced 
iecompositicn  of  the  alkali-bearing  rocks  through  which  the  water  flo\ 
knd  this  decomposition  is  brought  about  by  the  combined  ac^Apn  of 
ind  moisture,  aided  in  many  instances  by  heat  and  pressure. 

The  air  absorbed  by  water  contains  a  mucb.  Aaxg^T  ^xq\^qii^<(si^.^*1  < 
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geu  and  carlvouio  acid  thau  tie  normal  attuospbere,  tbe  comiHisitiDo  of 
whicU  may  be  taken  as 

^            Oxygen 2fl  9512 
Nitrogen 79.007S 
CubooicacJd O.WIfi 
hilu  the  air  absorbed  b;  v«ter  at.  15°  C.  (60'^  F.)  contains,  acconling 
to  Bnuseii, 

Oiygen 34.12 

Nitrogen 63.  M 

Carbonic  acid 2.3(1 

The  alkali-beariug  minerals  are  peiierally  silicates,  liaving  for  basia 
ferrous  or  ferric  oxide,  alumina,  lime,  magnesia,  soda  and  |)otatili  it 
varyiog  projKirtions  according  to  tlie  cLarncter  of  the  mineral.  Tlitu 
orthoclase  feldspar  is  Gotu|iDeed,  essentially,  of  silica,  alumina  and 
potash;  albite,  of  silica,  alumina  and  soda;  anorthite,  of  silica,  nJamiM 
and  lime,  but  they  are  rarely  found  pure  and  there  exist  many  iiitamfr 
diate  steps,  so  that  orthoclase  nsnally  contains  soda  and  lime  in  valu- 
ing proportions,  while  magnesia  and  ferric  oxide  replace  in  part  line 
and  alumina  respectively. 

By  tbe  action  of  water,  containing  carbonic  acid,  upon  snch  ntiaeral!, 
tbe  alkalies  and  alkaline  earths  are  converted  into  carbonates  ami  iliS' 
solve  in  the  carbonated  wati^r.  Uence  they  are  leached  out  of  tbu  rcA- 
due,  which  is  rendered  the  more  jtorons  through  the  decomposition,  luui 
if  the  water  so  charged  does  not  oti  its  way  to  the  surface  meet  viA 
sulphates  or  chlorides  of  other  metids  which,  by  double  decomposition, 
would  produce  alkaline  sulpliatef  or  chlorides  and  non-alkaline  carbon' 
ates,  tbo  alknliue  carbonates  make  their  appearance  as  eonatituenia of 
a  mineral  spring.  In  such  springs  the  salts  of  sodium  are  usnalkin 
much  greater  proportion  than  those  of  potassium,  not  only  becaaaetlie 
soda  minerals  are,  iu  genenit,  more  etisily  decoinpoMablu,  but  alsohecaune 
soils  have  a  strong  tendency  to  t^ke  np  siiid  retain  the  potash  salts  from 
water  percolating  through  tbeni  while  readily  giving  up  their  couteuls 
of  soda  salts. 

If  the  waters  of  such  springs  flow  into  basins  without  outlet  and  the 
rate  of  evaporation  equals  tbe  inflow,  a  coucentrAted  solution  gradaally 
results,  and  if  the  inflow  be  interrupted,  we  shall  in  time  have  adrj 
basin  in  which  the  salts  have  deposit**!  as  a  cryatallizetl  mass.  Iti« 
evident  that  if  tbo  geological  character  of  a  country  is  favorable  lotiie 
production  of  such  alkaline  spriuga,  the  dryness  of  the  climate  or  iLe 
excess  of  evaporation  over  rainfall  determines  the  degree  ofconccutw 
tion  of  the  cflutenti*  of  their  basins,  the  number  of  which  is  dependent 
on  tbe  topography,  and  the  consequent  productiveness  of  tbe  region  in 
natural  soda. 

Wo  have  so  fiu-  considered  original  formation  and  simple  evaporatifln 
only.  There  are,  however,  a  number  of  instances  in  which  the  alteli 
apjjcara  to  be  the  resviU  ai  luuvo  wiw\sV\v.A\eA,  v^i'ela\»Mvl  reactions.  ^Ve 
have  already  seun  tAie.  \\ev;a  o'i  av.>\\»o  a-wS.  ^V^sw^  m.  Vo  w%  mmAs.'*. 
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origin  of  the  Hangarian  soda,  in  which  the  carbonate  of  lime  is  sup- 
posed to  play  a  part.  Lunge  ^  refers  to  the  fact  that  from  a  damp  mixt- 
ure of  common  salt  and  lime  soda  effloresces,  in  the  air  after  several 
weeks^  time,  and  also  states  that  <^  from  a  solution  of  common  salt  a  solu- 
tion of  bicarbonate  of  lime  precipitates  sodium  bicarbonate ;  apparently 
this  reaction  explains  the  formation  of  soda  efflorescence  in  soils  con- 
taining common  salf  If  the  more  soluble  magnesium  bicarbonate  be 
sabstitated  for  the  calcium  salt  we  have  Weldon's  process  for  soda 
making. 

It  may  therefore  be  said  that  if  common  salt  and  limestone  or  dolo- 
mite are  present  together  in  a  soil,  subject  to  the  action  of  air,  moisture 
and  climate,  all  the  conditions  for  the  production  of  natural  soda  are 
at  hand,  and  it  is  thus  that  the  origin  of  the  soda  of  Egypt  may  be 
explained.  Bnssegger's  description  of  this  locality  has  already  been 
dted.  After  ascribing  the  formation  of  the  sodium  carbonate  to  reac- 
tions oocnrring  between  the  OaGOs  Na2S04  and  NaGl,  by  which  NajOOs 
OaOls  and  GaS04  are  formed,  he  says : 

The  first  two  (NasCOa  and  CaCls)  dissolve  in  the  water  of  the  lakes  together  with 
the  nndeoompoeed  NasS04  and  NaCl,  and  thns  we  •have  a  lye  containing  NaCl, 
Kai804,  NagCos  and  CaCla. 

A  very  slight  knowledge  of  chemistry  tells  us  that  NatCOs  and  CaGU 
cannot  exist  together  in  solution,  since  GaGOs  must  be  precipitated  at 
once,  NaOl  remaining  in  solution ;  so  Karsten  (loc.  cit.)  adds  the  fol- 
lowing note : 

This  transformation  of  the  salts  is  nndonhtedly  a  consequence  of  the  oxydation  of 
the  pyrites  in  the  olAy  to  sulphates,  followed  hy  a  donhle  decomposition  of  these  sul- 
phates by  the  NaCl  and  CaCOs  in  the  clay.  The  sodium  and  calcium  sulphates  so 
farmed  are  then  reduced  to  sodium  and  calcium  sulphides  and  these  are  decomposed 
byjueansof  NaCl  and  CaCOs.  The  process  must,  therefore,  he  considered  as  very 
complicated  and  as  demanding  not  only  length  of  time  but  also  a  co-operation  of 
special  conditions,  precisely  as  they  occur  in  the  Egyptian  lakes.  The  organic  mat- 
ter here  present  may  well  be  considered  as  the  sole  and  only  cause  whereby  the  sul- 
phates are  reduced  to  sulphides,  these  being  changed  then  to  carbonates. 

Abich,  in  his  description  of  the  Armenian  localities,  already  given  in 
part,  ascribes  the  formation  of  the  sodium  carbonate  there  found  more 
particularly  to  the  action  of  plant  life.  The  salt  grasses  and  other 
plants  which  grow  in  that  region  yield  an  ash  rich  in  soda  salts,  those 
from  Armenia  being  richer  in  Na2G(i3,  while  those  from  the  Steppes 
contain  a  larger  proportion  of  NazSOf.  The  soil  of  the  Steppes  con- 
tains much  Na2S04,  but  is  poor  in  NaGl,  precisely  the  reverse  of  the  soil 
of  Armenia;  hence  the  conclusion  that  the  NajGOa  is  formed  by  the 
action  of  the  plant  on  NaGl,  comparable  with  the  formation  of  potas- 
sium carbonate,  which  usually  predominates  in  the  ash  of  land  plants. 
The  growth,  death  and  decomposition  of  successive  crops  of  such  plants 
would,  under  this  view,  continually  increase  the  amount  of  sodium  car- 
bonate in  the  soil  without  taking  into  consideration  the  amount  pro- 
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(litccil  by  direct  wontbering  of  the  uriipttvt;  rocks  an  ahiiiidaQt  tn  tlutt 
regiou. 

We  have  already  seeii  that  the  deposits  of  Wyoming  couBist  in  gre«l 
part  of  sulphates  and  chlorides,  though  occasionally  the  percentnge  of 
uirbouaUt  becomes  snfliuiently  larf^e  to  bo  of  importance.  This  is  aHm 
true  of  the  Lake  Bonneville  region  as  described  by  King  in  thu  U\i]i 
I'ai'alltil  report,  already  freqnently  quoted.  In  vol.  1,  jmge  S(MI,  Ik 
sliowa  that  the  salts  are  luairily  chlorides  and  snipbntcs,  the  formor 
largely  predominating,  while  carbonates  are  generally  absent.  Th« 
water  of  the  Great  Salt  Lake  may  therefore  be  taken  as  typical  for  thf 
region.  As  one  proceeds  westwardly  the  oc.iirrencea  ofalkaliuecHrbo- 
nates  are  more  frequent  and  the  percentage  of  this  salt  greater  audi 
we  reach  the  Lahontan  region  of  western  Nevada,  where  the  propof- 
tion  of  alkaline  carbonate  is  usnally  greater  than  that  of  sulphiile. 

The  cause  of  this  chemical  change  in  the  nature  of  ttie  saltN.  tbougb 
much  discussed,  is  not  yet  ascertained.  So  far  as  we  know,  there  Is  no 
such  difference  between  the  rocks  of  the  eastern  and  the  w<«tern  por- 
tion of  the  Great  Basin  as  woidd  account  for  this  iucre^ise  of  the  car- 
bonate.  In  both  sections  the  eruptive  rucks  are  of  similar  chiira^'ter, 
and,  by  their  decomposition,  should  yield  the  same  jirodnctA.  It  is  pat- 
sible  that  the  fact  that  volcanic  action  has  persisted  to  a  much  Inter 
(Iat«  on  the  western  border  than  on  the  eastern  side  may  bave  ffnM 
influence.  Hot  springs  are  mncb  more  common  along  the  foot  of  Uin 
Sierra  Nevada,  and  some  of  the  volcanoes  have  been  active  at  a  coO) 
paratively  recent  date.  The  enormous  volume  and  high  tomperatniw 
of  the  heated  waters  of  the  Gomstnek  Lode  may  also  be.  considereil  w 
showing  a  probably  greater  activity  iu  rock  decomposition  hot  not, 
necessarily,  a  difference  in  character  of  product. 

Once  formed  through  rock  decomposition,  a  solution  contaiuing 
sodium  chloride,  sulphate  and  carlininui'  would  afterwards  lose  uoue 
of  its  carlmnate  unless  soluble  earthy  salta  were  added  to  it;  mi  tlifl 
contrary,  when  snch  a  water  reiiches  an  enclosed  basin,  the  proportion 
of  sodium  carl>on)Lte  tcudN,  foUowiug  thu  views  of  Karsten,  to  iiicreaH 
through  the  reduction  of  the  sulphate  liy  organic  matter  and  the  snlf 
sequent  action  of  the  atmospheric  carlK>nic  iicid  on  the  sulphide;  iirr- 
action  which  requires  a  period  of  comparative  rest,  which  such  a  hasin 
affords.  It  has  been  already  stated  that  the  waters  of  springs  carry- 
ing alkaline  carbonate  may  lose  the  whole  of  it  on  the  way  to  the  surface 
by  passing  through  formations  containing  non-alkaline  soluble  salts, 
such  as  gypsum,  ciilcium  chloride  or  magnesium  salts,  resulting  in  tlie 
formation  of  calcium  or  magnesium  carbonate  aud  alkaline  sulphate  or 
chloride.  The  same  reaction  would  occnr  if  the  surface  water  perco- 
lates through  soils  containing  these  salts,  or  if  water  containing  tbem 
be  added  to  the  streams  or  basins. 

It  is  probable  that  an  alkaline  lake  or  the  dry  deposit  resulting  from 
/f8</e.siccationigi»  aUc■,lses^.\^^iv^•il.vv\tv^'(\«)W^\^^\v^'^"cv;  cock  decomposition 
am}  subsequent  cheui\cn\  cbAU'^w.    "^Xv*  V-Alw  -isas-W^  wi.i;j^M% \fc\*:'(s& 
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rdiDate  agent,  but  still  occopies  a  definite  position,  and  in  this  con- 
on  the  resalts  of  the  examination  of  certain  seepage  waters  from  the 
3  of  Owen's  Lake  are  interesting.  The  analysis  of  the  water  of 
lake  shows  that  sulphides  are  absent,  the  most  careful  tests  show- 
merely  a  doubtful  trace.  On  page  76,  a  urao  was  described  as 
Dg  been  produced  from  seepage  water  collected  in  a  vat  dug  on  the 
h  and  for  practical  reasons  it  was  desirable  to  study  the  nature  of 
seepage.  To  this  end,  small  pits  were  dug  in  a  line  extending 
the  vat  to  a  point  much  above  the  highest  recent  water  mark  of 
lake.  From  each  of  these  pits,  beginning,  with  the  one  most 
•nt  from  the  lake,  a  sample  of  the  seepage  water  was  taken  and  the 
Ific  gravity  tested,  as  follows : 


Sample. 


No.l. 
No.  2. 
No.  3. 
No.  4. 
No.  5. 
No.  6. 
No.  7. 


No.8 

No.  9  near  Tat. 
Lake  water . . . 


Temper- 
atiire. 

oc. 

Speoiflo 
gravity. 

Boinarka. 

32 

1.005 

31 

1.035 

31 

1.050 

31 

1.050 

32 

1.062 

Analyzed. 

32 

1.090 

32 

1.108 

31 

1.085 

Analyzed. 

31 

L063 

Do. 

25 

1.062 

le  soil  of  these  pits  showed  no  variety  -,  in  each  case  it  was  found 
the  surface  sand  was  underlaid  by  a  dark  grey  material  similar  to 
ry  sandy  clay  and  closely  resembling  the  "volcanic  ash''  common 
lis  section,  and  which  it  is  considered  to  be.  A  sample  was  taken 
pit  No.  9  and  analysed  as  follows,  having  been  partially  dried, 
II  it  became  pulverulent  and  of  a  pale  yellowish  grey  color. 


n,Oatll0o 65 

IIsO  at  rod  beat 2.50 

OO2  in  Holiiblu  part .87 

CO2  in  iuHolublo  part 6. 35 

so, 45 

01 88 

SiO, 55.81 

TiO, 80 

PjOg 27 

AljO, 10.07 


Fe^ 

FeO.. 

MnO 

CaO.. 

MgO 

K,0. 

Na^ 


3.43 
.67 
.23 

9.14 

2.98 
3.09 


H^ 


8.15 


Soluble  part. 


NaCl  ... 

Na^04 

NttjCOa 


1.45 

.80 

2.09 


4.34 


0=C1 


100.41 
.20 

100.21 


Jngolttble  part. 
CaCOs 14.44 

SiO, 65.81 

TiO, 80 

PjOj 27 

A1,0, 10.07 

FcSeOj 3.43 

FeO 67 

MnO 23 

CaO 1.05 

MgO 2.22 

K^O    2.98 

NajO 76 
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Jualits*  of  the  tamplai  <ff  itepagt  vmUh: 
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Spwian  p«.itr 

Pit  No.*. 

Pit  No.  R. 

PltNaOi 

l.««72  (M.BO  CI 

i.oen  (M.]"  c.) 

i.enMCUi'C.)    I 

In  1  liter. 

WelRliL 

l-.r«».. 

Tolght 

Poromt. 

WtighV 

Perisut 

ZI.3IB 

con 

I.!l(! 

77.  B 

3«.«1I 
1.733 

31,100 
3.flU 

41.  aw 

.310 
.003 
•  DM 

35.37 
7.31 
LSI 

u-ss 

a.  JO 
sa.» 

.B8 

.« 

33.  WB 

.383 

13.330 

.008 
.OH 

i.oa 

UV7 
T.33 
1.30 

MM 

.OlS 

Stra^bBT) 

1B.I7I 

32.  Mt 
0.2M 

17. « 

a.  33 

1.J0 

M.a 

.3* 

O 

810, — . 

. 

pieMnl 

n" 

.0» 

.120 

.10 

ff7.0M 

mo. 

113.681 

moO|    «.i« 

mw 

S]fpolketic«tl  wmbbiaUon. 


WelKlit. 

ForocDt. 

Weinbt. 

Porowit 

Weight.  IpMoeBtl 
30.  IM  ,       :ta.ie 

.392  '              ,43 
14.313            10.CI3 

so 

.- 

..* 

:-i|    " 

«:" 

1 

13.52 
.36 

J[;  ■ 

3S.a4S 

ll.M 

NfcSO 

N»^ 

r» 

.292 

H;.u3a 

100.00 

'"-■" 

lOO.DO 

In  comparing  tbe.se  analyses  we  must  reniembpr  that  tbe  water  here 
examined  is  not  the  lake  water,  but  the  drainaf;e  from  fresh  spriugs 
along  tbe  base  of  tbe  Inyo  Range.  As  the  water  passes  through  tbe 
volcanic  ash  it  gradually  becomes  laden  with  the  salts  produced  by 
tbe  decomposition  of  the  soil  as  abown  by  No.  5.  At  this  point  tbe 
amount  of  sulphur  or  sulphuretted  hydrogen  present,  though  small,  vas 
unmistakable,  sbowing  that  a  reduction  of  sulphates  bad  begun.  In 
No.  8  the  percentage  of  chlorides  bad  diminisbed,  and  that  of  bicarlxi- 
nate  ba<i  increased,  while  the  percentage  of  sulphates  was  somewhat 
larger,  although  sulphides  were  present  in  weighable  quantities.  JJo.9 
is  very  regular  in  its  results  if  compared  witb  No.  S.  The  chloride  and 
aalphates  have  suflered  a  coiiawUTable  decrease,  wbile  sulpbides  are  in 
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BIS  large  a  proportion  as  we  should  expect,  considering  that  they  would 
be  destroyed  at  once  if  in  solution  with  bicarbonates.  The  sodium 
moQOcarbonate  is  apparently  less  in  amount  than  in  the  first  analysis, 
l>at  we  observe  a  great  increase  in  bicarbonate,  so  the  percentage  of 
ilkali  in. the  last  analysis  shows  a  large  gain  over  the  first  one.  As  the 
listance  from  one  pit  to  the  next  was  not  more  than  a  hundred  yards, 
Ihia  process  of  alkali  production  is  really  quite  a  rapid  one,  and  the 
solutions  obtained  are  stronger  and  of  better  quality  for  practical  pur- 
l^ses  than  the  mass  of  the  lake  water. 

dAUSE  OF  THE  BSD  OOLOE  OF  GONOENTRATED  ALKALINE  BRINES 

AND  OP  THE  SALTS  OBTAINED  PROM  THEM. 

The  red  color  Which  brines,  particularly  those  of  an  alkaline  char- 
Miter,  are  apt  to  assume  when  concentrated,  and  which  is  frequently 
baken  up  by  the  deposited  salts,  has  often  been  noticed.  The  cause  of 
this  color  has  been  studied  by  Payen,^  who  finds  that  it  is  due  to  the 
[>resence  of  the  small  crustacean,  Artemia  salina.  Leach  (Cancer  salinus, 
Liinu.),  known  in  the  West  as  the  '<  alkali  shrimp.'^  In  his  experiments 
carried  on  at  the  Salines  of  Marignano,  he  found  that  the  brine  in  con- 
^ntrating  to  15^  B.  becomes  entirely  clear  and  colorless,  continuing 
mtil  it  reaches  20^  B.,  at  which  point  large  numbers  of  small  animals, 
^rey  or  greenish  grey  in  color,  are  observed  swimming  in  the  liquid. 
^s  the  brine  concentrates  to  nearly  25^  B.  all  of  these  little  crustaceans 
lie,  turn  red,  come  to  the  surface  and  form  a  red  foam,  which  is  composed 
>f  the  fragments  of  their  bodies  and  gives  a  peculiar  odor.  Experi- 
tients  showed  that  if  the  concentration  of  the  brine  did  not  exceed 
W^  B.  the  animals  were  healthy,  provided  that  they  had  air  and  that  the 
solution  did  not  become  acid.  If  the  solution  became  acid,  the  animals 
became  sluggish  and  moribund,  but  were  i  cvi  ved  as  soon  as  the  solution 
eras  rendered  alkaline. 

The  same  may  be  said  of  the  brine  at  15^  B.  For  a  short  time  the 
inimals  were  very  lively,  but  on  the  fourth  day  became  sluggish, 
tendering  the  solution  alkaline  revived  them  to  some  degree,  and  on 
reducing  a  portion  of  th^  solution  to  3^  B.  the  Crustacea  in  it  remained 
Uive  and  vigorous  up  to  the  time  wlien  the  paper  was  written. 

Those  in  the  solution  at  20°  B.  were  lively  during  two  days,  then 
began  to  die,  and  all  were  dead  on  the  third  day.  In  fresh  water  all 
died  within  four  days.  In  solutions  at  23^  B.  all  died  within  twenty- 
four  hoars,  having  become  much  redder  than  in  the  weaker  solutions, 
and  settled  on  the  bottom  as  a  brown  sediment.  These  experiments 
Bhow  that  a  certain  degree  of  concentration  and  a  certain  degree  of 
alkalinity  are  necessary  for  the  life  of  these  animals,  and  that  greater 
ooncentratiou  cruses  death  and  the  consequent  red  coloration. 

The  letter  of  Audouin  accompanying  the  paper  gives  the  observa- 


» Fayen:  Ann.  de  Cbimie,  pt.  2,  vol,  65,  p|^,  15^\6^, 
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tioiis  of  Sclilos8cr  made  at  Ljminpton,  England,  iu  Octub«r,  1755.  Tin 
latter  de^jcribes  these  aniiiialB  aa  follows: 

TUn  Uudy  !h  merely  a  tube,  oj-liodricM  or  vurmioolar  in  fonn,  verf  Blendrr,  i»l 
tbuut  unH-tbird  or  An  inch  iu  length.  Atone  end  af  this  tube  are  tno  aot«DUE,  vri; 
lelicatfl  Mid  short,  aad  ttra  blacb  eyc«,  riiiiDd  auil  elevated  ;  betweeo  these  e^  jai 
jlsolc  apoLwhiuh  may  be  a  third  uye.  A  (curved  month  ie  ]ila<:ed  auder  theeyu.  Th) 
Midy  ujiruvided  with  SI  pain  of  natatory  legH,  the  longest  being  iu  the  oeat»r  of 
ihu  body,  thn  others  becomiDj;  sb(>rt«r  as  they  appruacb  the  head  and  laiL  The  pnfr 
«rior  part  ia  bare,  the  amis  boio];  at  Iho  eitreuiity.  The  females  have  poBIerior  U 
hfl  lost  pair  of  legs  a  sau.  iisiiatly  three  or  fonr  timeti  the  diameter  of  tbe  tabe,  tno- 
■ainlng  e^gs;  the  malee  hayi>,  anterior  to  the  Hnt  pair  of  legs,  two  long  fl«tteiiad 
irmfi,  with  these  they  seize  the  feinal^ti,  aud  while  attached  to  tliem  appear  lowiiiecn 
mt  several  eggs.    The  aaiinala  thaa  attached  swim  together  for  some  time. 

D'Arcet  obsorvod  the  red  color  of  tlie  Egyptian  lakea,  but  fiudinf 
mly  a  few  urtcinia,  did  DOt  consider  th»t  tUo  color  was  dae  to  tlieiu. 
Ill  tlio  Went  tbe  artemia  arc  very  plentiful  and  tbo  red  color  iswiy 
isnal,  tbougb  generally  a^ribed  to  some  jivoperty  uf  tbe  salt  grussof. 
Ll  in  probable  that  the  opinion  of  Payen  is  tbe  correct  explanation. 

LliIACHDIQ  OF  ALKALINE  SOILS  AND   CLAYS. 

A  chemical  exauiination  of  a  soil  always  includes  a  leacbinK  with 
rater  and  the  analynis  of  tbe  soluble  portion.  This  is  ei)i>ecially  necw 
lary  in  the  case  of  sittuples  from  alkaline  terrancs,  where  tbe  poroenl- 
tge  of  soluble  salts  is  often  large,  and  unless  these  cau  Ite  extracl*Ml 
vitbout  alteration,  no  correct  conclusion  can  bo  drawn  as  to  tbe  eliar- 
;i<;tpr  :nid  a{,Tiiuiltural  poaaibilities  of  the  soil.  In  snch  regions  cro(is 
can  seldom  be  grown  without  irrigation,  which  not  only  supplies  llii- 
plants  with  tbe  necessary  moisture,  but  also  improves  tbe  land  by  leacb- 
ing  out  the  surplus  salts,  which  may,  under  exceptional  circiimetauit-ti, 
be  profitably  recovered  from  the  leachings. 

The  extraction  of  tbe  soluble  constituents  from  such  soils  and  clay» 
is  often  difficult,  because  when  the  sample  is  mixed  with  water  stit>si- 
dcnce  is  exceedingly  slow,  and  filtration,  if  at  all  practicable,  yieUlH» 
very  turbid  solution.  Ilaving  to  examine  a  number  of  such  saniiilfii, 
experiments  were  made  to  find  ont  the  simplest  method  of  securing  i' 
clear  aqueous  solution  containing  only  the  naturally  soluble  salts.  The 
pretsistent  turbidity  seems  to  be  id  some  way  conuected  with  (lif 
alkabnity  of  the  solution,  since  if  this  is  rendered  slightly  acid,  subsi- 
dence is  rapid  aud  a  clear  liquid  is  easily  obtained.  By  acidifying, 
however,  all  the  carbonates  are  decomposed  and  tbe  i-esulting  solution 
tells  us  nothing  concerning  the  character  of  tbe  original  material. 

It  is  well  known  that  sea  water  precipitates  the  finely  divided 
suspended  material  from  inflowiug  river  waters,  and  experiments  based 
on  this  observation  have  jhown  that  the  addition  of  a  small  proportion 
of  pure  sodium  chloride  is  all  that  is  needed  to  obtain  a  clear  and  uu- 
alierwl  solution.  Three  samples  of  so-called  '-clays"  from  Owen's 
Lako  iiave  been  cspeciaWy  c3.aiiV\n«*li  fet  W\«  vM.tv<>%fe. 
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In  making  vats  at  the  soda  works  at  this  place  it  was  found  that  some 
r  them  could  not  be  rendered  water  tight  without  great  expense,  and 
le  reason  of  this  was  sought.  Sample  No.  1  represents  this  class  of 
round,  while  the  combination  of  Nos.  2  and  3  is  ''good  ground,"  hold- 
ig  water  without  difficulty.  If  the  samples  are  dried  the  difference  is 
nrongly  marked,  No.  1  becoming  very  friable,  while  the  others  are  as 
)Dacioas  as  a  brick  clay  of  inferior  quality.  If  the  dried  samples  are 
lixed  with  a  little  water  all  become  pasty,  but  if  much  water  is  added 
le  emulsion  of  No.  1  subsides  rapidly,  a  few  hours  being  amply  suffi- 
ent  to  give  a  clear  supernatant  liquid,  which  can  be  poured  off  without 
isturbing  the  compact  underlying  sediment.  Under .  like  conditions 
OS.  2  and  3  remain  turbid,  and  after  the  lapse  of  thirty  days  not  more 
lan  one-tenth  of  the  sui>ernatant  liquid  was  even  approximately  clear. 
;y  the  addition  of  a  sufficient  amount  of  common  salt  the  subsidence 
as  rendered  as  rapid  and  as  comi)lete  as  in  No.  1,  and  the  sediments 
%n  be  washed  by  decantation.  For  the  determination  of  chlorine, 
ilute  nitric  acid  is  added  till  the  solution  becomes  acid,  producing  the 
Eime  effect  as  the  addition  of  common  salt. 

No.  1  is  from  the  "  upper  works  ^  at  Keeler,  Owen's  Lake.  It  is  covered 
y  the  surface  sand,  is  yellowish  grey  in  color  and,  as  stated,  friable. 
To.  2  is  "sandy  clay  "  from  the  "central  works.''  This  is  immediately 
nder  the  surface  sand,  is  about  12  to  18  inches  thick,  and  is  said  to  be 
he  best  for  vat-making;  underlying  this  is  the  "  blue  clay,"  No.  3,  of 
Ludetermined  depth  and  also  very  good.  Analysis  gave  the  following 
esults: 


H/)atl20<' 

H«0  at  rud  boat. 

SiO, 

TiO, 

Al^Oj.  

Fe,0, 

FeO 

MiiO 

CaO 

MuO 

K,0 

Na,0 

SO, 

C\    

CO, 


No.  1. 

No.  2. 

1.41 
2. 73 

No.  3. 

4.02 
1. 18 

2.05  I 
2,40  ' 

Deduct 


45.  8:j 

.30 
8.05 


2. 77 


.43 
.12  I 
4.88 
1.23  I 
2.86  ; 
14.21 
1.85  I 
7.33  I 
6.44 

101.  50 
1.65  , 


53.24  , 

10.81 
2.5» 
.77  ■ 
.10  I 
0.18  I 
5.82 
2.64 
•2.06 
.08 
.05 
8.75 


lOU.  51 
.01 


00.85     100.50 


54.  !»2 

.30 

11.  *J5 

2.77 

.04 

.Otf 

8.76 

4.01 

2.77 

2.10 

tnMHs 

trace. 

7.24 

100.40 
.40  i 

100.00  I 


Water 

Sttltibii)  part 

CttCO, 

Insoluble  ... 


No.  1. 

5.08 
24.80 

6.18 
63.70 

No.  2. 

4.14 

1.26 

19.07 

76.03 

99.85 

100.  50 

No.  3. 

4.45 

1.41 

15.34 

70.29 


100.  40 


Compoitition  o/aolubU  part. 


Soluble. 


No.  1.  I  No.  2.  1  No.  3 


ICCl 

NuCl  .... 
NasS04 
Na.COj. 
I   NuHCO, 

SiO, 

A1,0,... 


Bull.  60- 
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"So.  1  Ib  eviduntly  in  great  part  sand,  uiadu  up  of  qnnrtz  anil  nmtUti 
lliraius  of  crii|itive  rocks,  anil  vont^iiiiH  but  little  rva\  u\ay.  Iletiuelt 
BbsorljH  litrgu  quantities  of  soluble  salt'i,  Liut  partx  with  them  TeaAQf' 
on  leacliiiig,  leaving  a  porous  residue,  wliicli,  on  )»x:ouutof  iti<  granalaiH 
condition,  suboiden  rapidly  when  mixed  with  water.  Nos.  2  anil  3  oos»; 
tain  only  small  iiuiiutities  of  soluble  salts,  but  <thliiriil<39  ar«!  practici^yi 
^stweut,  and  the rusidaes  contaiuiug  oou.siderabl»  ijiiantities  of  carlxman'] 
^f  lime  may  be  viewed  as  marls.  < 

The  elurifioatiou  by  the  use  of  NuUl  must  be  considerenl  as  a  phy»iedi; 
phenomenon  siueu,  so  far  an  our  present  knowledge  extends,  no  eliCDd>> 
civl  ebange  is  supposabto  uadur  the  eonditions.  In  each  of  the  folio**- 
ing  oxperiuieQtH,  begun  September  U,  1S8S,  the  air  dried  material  wai^ 
veighed  out  and  put  into  a  cylinder  eontaining  the  given  amount  ol 
h.telt  dissolved  in  60cm^  of  water.  The  cylinder  was  then  corked,  shakoi 
■(Vigorously  and  allowed  to  stand  without  further  disturbance.  * 

L  £xp.  A:  1(1  gnimH  eliiy  No.  'Z  (sandy  ulay),  no  NaUl.  SubsidesM 
pVery  slow.  ?iov.  28.  Height  of  column  85mm,  height  of  sediment  47iiiB^ 
■onipernatant  liipiiil  tilightly  turbid. 

A^:  10  grams  No.  2,  0,0^5  gramme  KaOI.  Subsidence  maoh  mMi 
lapid,  having  been,  apparently,  completed  about  Oct.  Ist-.  On  Nov.  3^ 
leight  of  column  Sonim,  sediment  3.'{mm. 

.  Aj :  10  grums  No.  2,  O.Ou  Na(31.  Subsidence  complete  within  for^ 
i^ght  hours.  Column  93mm,  sediment  33mm,  liquid  clear  and  hue  of  d^ 
Biarkation  between  sedimeut  and  liquid  sharply  deflned.  Al  andiij 
containing  II.  L  and  0.3  grams  NaOl  respectively,  showed  complete  sufr 
sidfuce  wiltiin  31  hours. 

Serif's  IS :  10  grams  No.  3  (bine  clay)  tiiken. 

li:  No  NaCl.  Nov.  28.  Colninn  80tiiin,of  which  abont  5mm  coald  be 
called  clear,  the  nest  lOmui,  though  translucent,  was  turbid,  the  rest 
opaque, 

li^  :  0.025  grams  NaOl.  Nov.  28.  column  8Smm,  sediment  oOmm,  de- 
uiiirciition  fair. 

r>i:  0.05  grams  NaCl.  Nov.  28,  column  81mni.  Sediment  44niin, 
deinan;ation  dclinite,  solution  clear. 

Bl:  0.1  gram  NaCI.  Nov. tiS, column S4mm.  Sodiment28mm.  Sedi- 
mentation complete  within  a  week. 

Ii2 :  0.2  gniMis  NaCl.  Nov.  28,  column  S7mm,  sediment  2Smm.  Sil)- 
sidence  complete  within  4S  liours. 

Two  portions  of  each  clay  of  5  gi'iinjs  each  with  0.025  and  0.05  griim 
NaCl,  resi)ectively,  showed  a  ratt-  of  subsidence  much  more  rapid  tbaii 
that  of  the  corresponding  10  gram  portions,  and  this  rate  »eems  to  de- 
pend upon  the  siilinity  of  the  solution.  Tlie  further  investigation  of 
this  subject  involves  complicated  problems  in  physics,  and  for  practical 
pnr)>oscs  it  is  siitHcient  to  know  tlnit  by  the  use  of  small  quantities  of 
NaCl  tlie  soluble  portion  of  such  clays  can  be  easily  and  completelf 
pirracted. 
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CONCLUSIONS. 

The  conclusions  arrived  at  in  the  coarse  of  this  work  may  be  briefly 
summarized  as  follows : 

First.  Natural  soda  is  formed  partly  by  direct  decomposition  of  rocks 
through  the  action  of  air  and  water,  aided  at  times  by  heat  and  pres- 
sure, and  partly  by  subsequent  decompositions  occurring  either  in  soils 
or  in  closed  basins.  l?hese  reactions,  especially  those  of  the  latter  class, 
are  much  influenced  by  the  action  of  organic  matter,  which  not  only 
reduces  sulphates,  but  also,  in  the  form  of  certain  organic  acids,  has 
been  found  to  be  a  powerful  reagent  in  rock  decomposition. 

Secoud.  Natural  soda  is,  essentially,  a  defluite  compound  of  sodium 
monocarbonate  and  bicarbonate,  and  the  other  accompanying  salts 
are  to  be  considered  only  as  impurities.  The  proportion  of  the  two  car- 
bonates forming  this  compound  is  one  molecule  of  each.  Any  excess  of 
either  carbonate  above  this  ratio  is  considered  to  be  merely  accidental, 
and  the  existence  of  the  so-called  sesquicarbonate  or  combination  of 
one  molecule  of  monocarbonate  with  two  molecules  of  bicarbonate  is 
believed  to  be  very  doubtful;  at  present,  the  strongest  proof  of  its 
existence  is  derived  from  certain  crystallographic  deternnnations. 

Third.  The  mineral  urao  is  the  pure  form  of  natural  soda,  and  this 
compound,  having  a  relation  of  four-thirds  of  a  molecule  of  CO2  to 
one  molecule  of  NagO,  may  be  called  the  "  tetra  trita ''  or  "  tetrita  " 
carbonate.  The  sodium  carbouates  are  therefore  considered  to  be  but 
three  in  number,  namely:  monocarbonate,  tetrita  carbonate  and  bicar- 
honate. 

Fourth.  The  nature  and  properties  of  urao  render  it  the  most  suit- 
able form  in  which  the  natural  sodium  carbonates  can  be  separated  from 
accompanying  salts.  Hence  any  technical  method  devised  for  the  manu- 
facture of  commercial  soda  from  the  natural  material  should  be  based  on 
the  formation  and  separation  of  this  compound.  The  method  described 
as  being  employed  at  Owen's  Lake  is,  as  far  as  it  goes,  simple  and  good, 
but  the  yield  is  not  large,  when  the  extent  of  the  plant  is  considered. 
Owing  to  the  small  proportion  of  bicarbonate  present  in  the  original 
water,  the  crop  is  smaller  than  could  be  obtained  if  the  amount  of  bi- 
carbonate could  be  increased.  Whether  this  can  be  economically  done 
can  be  answered  by  practical  experience  only,  but  the  following  sug- 
gestions may  be  of  value. 

As  the  first  step  in  the  purification  of  a  natural  soda,  it  must  be  dis 
solved,  and  the  solution  should  be  clear.  If  such  a  solution  be  ana- 
lyzed it  will  be  found,  in  most  cases,  that  the  proportion  of  bicarbonate 
present  is  insuflicient  to  give  the  largest  practicable  yield  of  urao.  The 
amount  of  carbonate  in  the  first  crop  depends  upon  the  amount  of 
bicarbonate  in  the  solution,  as  this  separates  first  and  in  separating 
takes  with  it  a  proportionate  amount  of  monocarbonate.  We  have 
fUreadjr  seeu  that  a  soda  ash  of  very  good  quality  cyb\v\i^>»w\^'^\.Q^^^^ 
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Lak«,  \»>l  tlioyiulu  tiiitlitr  jirusciit  i^oiiiUlioiiK  iiiiiHt  \iv  MUmll  in  pmgior 
tioii  to  tbe  aiiiuiint  vf  MiliiMun  iiihmI.  If  tlitt  iicruontii^^e  of  bti-^irlxitiiile 
joiild  \hi  ecouoniicHliy  iiiurvtvHuil,  tliv  first  crop  itlioulil  Ik*  iiintfU  larger 
wlMiout  il0tt'iiiR-iit  to  iUi  purity,  atiit  tbc  itiurouau  iiiuy  ha  i'SovUkI  t'ither 
liy  ttie  direct  additiuii  of  bicarboimtu  or  by  ito  formutioit  in  the  mh- 
tiori  by  uaiittiiig  tliR  latter  to  iibdurb  carbonic  acid  uuder  proHAaro. 

If  tli«  dtrtHit  nddition  of  bicartmiiale  in  preferred,  adraatagti  mny  be 
takvu  of  tliefact  noticed  byMoiid««ir  lUidoUiprs,  tbat if  tinioU  treated 
witb  ail  amuiiiit  of  water  inituflitiicDt  for  itn  complete  »oliitiou,  it  ta  decom- 
|Mi»ed,  Na^CO:!  i^oiiig  into  solution,  while  NallCOjh  lert  behind.  Heat 
jicreuHOH  the  rapidity  of  the  dexwmpomtion,  but  the  temperature  of  tlie 
wlutioii  sUoul.l  not  exceed  37.0<^  C.  (!00o  K).  The  NaUCO,  thus  oli- 
;ainu<l  can  then  lie  dmnolved  la  the  raw  Holuticia  of  the  ualural  noila, 
H'hicb  for  this  purpose  must  not  be  too  coiieentrated  and,  an  the  bicur 
twuate  dii^HolvfS  «lowty,  agitation  of  the  H»lt  with  the  liquid  will  liasteu 
this  stage  of  tht*  procesn. 

The  solution  of  KiifCOa  obtained  by  tbiH  treiitmeut  of  n  portion^ 
the  urao  may  be  utilized  by  converting  it  into  bicarbonate,  iwing,  to 
tliia  pur)H)Me,  the  carbonic  ucld  given  oil' during  the  calciniugof  tb« 
twla  H8h.  The  proi>er  form  of  furnace  for  calcining  8ucb  mat«m1  tit 
jontinnonitl.v  working  niullle,  in  which  the  xoda  in  tneohanit»lly  fnl, 
itirred  and  delivered,  while  tlie  COjEtohtainwl  inapun^onnditioiiacKl, 
wbou  cooled,  can  be  iutrodilciHl  at  uneo  into  the  aolution  of  Na,(X)> 
ll'or  rapid  idtsorplioii  ii  prwauro  of  about  20  to  30  jiounda  to  the  uiaan 
neb  is  advisable,  hence  a  pnnip  uiust  bu  nxed  atid  tlie  absorbini;  v«8- 
selssliould  be  miule  of  light  i>»il('r  iron.  The  absorption  Khoulil  "oC 
exceed  the  point  at  whieli  liirurbonate  begins  to  preiripitate,  aud  if  the 
absorbing  vessels  are  iiropcrly  arranged  in  a  series  the  car Im muting 
will  be  a  continuous  opernlion  aii<l  the  phint  required  for  nnite  txtwi- 
sive  works  will  be  found  to  bo  much  smaller  than  would  be  Kupiuised- 
Thc  carbonated  solntion  ciiii  be  iulded  directly  to  the  raw  solution. 

If  the  fonnation  of  bicarbonate  in  the  mw  solution  is  preferred,* 
piirtiun  of  this  may  be  tliorouglily  carbonated  and  then  ad<ledtotbtt 
rest.  This  method  hsis  some  advantages  over  the  first  one,  but  woulil 
probably  require  a  somewhat  larger  carbonating  plant  for  works  of  an 
equal  capacity. 

While  tlie  summer  temperature  is  usually  snfTieicntlj-  high  for  llic 
proper  iiroduction  of  iirao,  the  season  is  short,  under  the  most  favorabU' 
circumstances,  and  the  output  of  works  depending  entirely  upon  uatuml 
heat  correspondingly  small.  On  tiieotherhand,  the  temperature  ottbc 
solutions  should  not  be  allowed  to  exceed  100°  F.  If  it  be  i>os8ilile  W 
maintain  the  solution  at  this  temperature  during  the  crystallizing  stage, 
ill  an  economical  manner,  a  great  gaiu  would  be  made,  as  the  works 
eould  be  run  throughout  the  year,  there  being,  usnally,  Imt  little  diffi- 
culty in  obtaining  and  storing  up  an  ample  supply  of  conceatrated  raff 
solutiou.     [u  this  iltrecUon  tXiCTfe  ^a  aw  ttxtausive  field  for  the  eserclM 
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>f  educated  ingeimity  in  the  utilization  of  the  waste  heat  of  the  calcin- 
ng  furnaces,  as  also  in  the  economical  application  of  heat  derived  from 
fuel  burned  for  this  purpose  only.  The  description  of  the  salt  works 
%t  Pomeroy,  Ohio,  given  in  my  paper  on  salt-making  processes,  in  the 
Seventh  Annual  Beport  of  the  U.  S.  Geological  Survey,  shows  a  most 
ngenious  and  exceedingly  close  utilization  of  heat  derived  from  fuel  of 
K'ery  poor  quality,  and  may  give  many  hints  to  those  desiring  to  work 
in  this  direction. 

The  utilization  of  the  mother  liquor  of  the  first  crop  is  a  problem 
sv'hich  can  only  be  solved  by  the  growth  of  this  industry.  Doubtless  in 
time  something  can  be  done  with  the  vast  quantities  of  chlorides  and 
sulphates  which  are  waste  products,  but  their  value  is  too  small  to  give 
much  hope  for  their  utilization  under  present  conditions.  The  industry 
is  in  a  preparatory  stage  only,  but  will  surely  become  of  great  impor- 
tance in  the  future ;  the  present  consumption  of  sodium  carbonate  in 
liiis  country  is  probably  not  less  than  250,000  tons  and  is  increasing, 
iud  a  large  part  of  this  amount  could  be  supplied  by  the  Great  Basin 
f  its  resources  were  utilized.  Jf  those  who  may  hereafter  take  up  and 
[)ro8ecute  this  branch  of  chemical  industry  shall  find  the  information 
yiven  in  these  pages  of  value  to  them,  the  purpose  of  this  paper  will 
lave  been  realized. 


ANALYSES  OF  SIX   NEW   METEORITES. 


By  J.  Edwakd  Wbitpield. 


The  Bockwood  Meteorite. — Tliia  meteorite  was  foiiiitl  nbout  the  mi 
of  Marcb,  1887,  by  Mr.  Eliliu  Hambree  on  tbe  range  of  the  Oral 
chard  Moantaius,  iu  Teuuessee.  The  field  iu  which  it  was  pickvi 
ia  now  owned  by  Mr.  W.  B.  Lenoir,  and  is  situated  8j  miles  went 
Kookwood,  in  Oumberlaad  county.  The  maturiat  for  analysis 
received  from  Messrs.  Ward  and  Howell,  of  Bocliester.  N.  Y.,  tlm  | 
ent  owners  of  the  meteorite,  to  whom  1  am  indebted  for  the  priv 
of  doacriptioa. 


Fig.  5.— The  Roeki 


There  were  three  pieces  found,  the  smallest  measariat;  10cm  x 
X  Ccm,  and  weighing  1.C5  kilos ;  the  nest  larger,  measuring  2(lc 
16.4c;m  x  C.ucm,  and  weighing  2.C4  kilos;  and  the  largest,  an  irreg 
egg-shaped  muss,  a  little  flattened  on  one  side,  measuring  .'iSu: 
25.3cra  X  21.5Gm,  with  a  weight  of  about  38.5  kilos  and  specific  gra 
of  4.240.  Ad  idea  of  the  appearance  of  this  piece  can  be  had  fron: 
foregoing  cut,  which  is  from  a  photograph  reduced  to  i  natural 
The  mass  is  quite  brittle,  very  hard  to  saw,  but  easily  broken  by  I 
roering.  Gut  slices  show  many  irregularly  shai)ed  Rtooy  fragments 
Home  nodules,  the  largest  seen  being  about  1cm  on  the  surface  dii 
ter.  In  the  larger  slices  the  stony  part  is  so  broken  as  to  give  the 
ished  surface  a  brecoiateil  appearance. 

In  analysis,  tbe  metallic  portion  was  freed  from  tU<s  w\\.u«t%\  v*"'' 
cruBbing  to  ratber  line  jiarticlcs  and  sepiuatiug \>^'  ttift  aiA •aS.  ^'^'^ 
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!'hi9  was  again  traated  in  the  siiini!  manucr,  and  the  rBBaltiug  meUl   . 
vasbeil  with  alcoliol  and  quir.kly  dried  ;  by  tliis  iiictliod  it  was  Touiiil 
luseible  to  fmn  tlie  uetal  ii-oai  all  but  tlio  inerost  trace  of  otoay  niib- 
taDce. 

Tbeiuetallic  portion  proved  to  l)e  an  alloy,  rich  in  nickel,  as  ia shown 
ly  the  following  figures : 

IPe 1 HJ.-W 

Ni 12.09 

Co tnwfl. 

Cn  .- tratsK. 

r ■»"■ 

911.6a 

?he  metallic  ^ains  seum  to  be  quite  evenly  distributed  thron^h  tli? 
lass.  lu  but  one  inatance  doeit  a  nodule  apjMiiir  to  have  att^ainwl  a 
ize  larger  than  that  of  a  pea,  and  on  the  section  of  this  iiodulL*  we  wore 
.blA  to  obtain  thl^WidlullnnHtitrI en  figure  by  etching.  UutNo.  2  nIiuvb 
lie  polished  t^lice  containing  tlio  uodnle  of  natural  size: 


The  rocky  part,  after  beinjj  freed  as  well  as  po.s.sibic  from  metal,  waa 
finely  ground  and  digested  with  dihite  hydrochloric,  iicid,  and  the  rc.'fiilt- 
ing  soluble  ami  insolnble  portions  investigated  separately,  but  from  the 
fact  of  there  being  a  nnmber  of  tniiH'ral»  mixed  together  no  satisfac- 
tory conclusions  conhl  I)e  drawn  tVom  thoexaniinalion.  Tlie  mass  Wiis 
therefore  analyzed  as  a  whole  with  the  following  results: 


SiOa , Al.'J-i 

Al;03 9.!i7 

F.-0 22.94 

CaO a  09 

MrO H.TG 

Ko :l.75 

Ni 1.74 

CI 0.  IU=O.S;  FeCla 

P 0.<r. 
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By  the  analysis  of  the  portions  soluble  and  insolable  in  dilate  acid 
it  was  found  that  the  greater  part  of  the  lime  and  but  a  trace  of 
the  magnesia  had  gone  into  solution,  pronng  the  absence  of  olivine, 
ftnd  giving  good  grounds  lor  the  supposition  that  the  rocky  portion  is 
mainly  a  mixture  of  anorthite  and  a  silicate  related  to  augite,  but  very 
rich  in  iron.  It  will  be  noticed  that  the  ratio  between  the  iron  and 
nickel  in  the  metallic  portion  is  greater  than  that  in  the  rock.  This  is 
etccounted  for  by  the  fiict  that  in  the  rocky  part  of  the  meteorite  the 
iron,  as  metal,  has  been  greatly  oxidized,  as  is  shown  by  the  large 
imount  of  rust  covering  the  specimen,  caused  no  doubt  by  the  chloride 
>f  iron  present,  and  is  reckoned  as  FeO,  accounting  for  the  large  pro- 
portion of  iron  in  the  supposed  augite. 

Owing  to  the  bad  condition  of  the  fragments  subjected  to  analysis 
we  have  no  grounds  on  which  to  compute  the  phosphoruj  and  sulphur 
&s  sehreibersite  and  troilite,  but  from  the  fact  of  these  minerals  being 
imong  the  more  common  constituents  of  this  class  of  meteorite,  and 
ilso  that  in  the  main  analysis  of  the  rock  portion  phosphorus  and 
sulphur  were  found,  it  is  probable  that  the  phosphide  and  sulphide  of 
iron  are  two  of  the  minerals  present. 

One  of  the  polishe<l  slices  contained  a  small  nodule,  which  was  sacri- 
&ced  in  order  that  its  nature  might  be  determined,  and  the  following 
figures  give  the  results  of  analysis.  The  mineral  was  Unely  ground, 
the  metallic  portion,  if  any,  separated  by  aid  of  the  magnet,  and  the 
residue  was  digested  in  dilute  hydrm^Jiloric  acid. 

The  insoluble  portion  was  found  to  be  94  iM3r  cent.,  the  composition  of 
which  IS 

Pet  cent. 

SiO., 51.85 

AliO,    4.52 

FeO 13.26 

CaO 1.09 

MgO 29.28 

100.00 

This  gives  the  ratio  of  R"0  to  Si()2=.93  :  .86,  which  corresponds  well 
with  the  mineral  enstatite,  although  in  this  case  much  of  the  magnesia 
is  replaced  by  iron.  The  soluble  portion  consisted  of  iron  with  a  slight 
trace  of  nickel,  which  tends  to  show  that  the  nodule  contained  some 
metallic  particles  which  it  was  impossible  to  extract  with  the  magnet. 
During  the  digestion  in  acid,  as  no  suli)huretted  hydrogen  could  be 
letected,  we  infer  the  non-existence  of  sulphides  in  the  nodule. 

The  total  mineral  wsis  also  analyzed  with  the  following  resulti^: 

Per  cent. 

SiOi 49.9G 

AUO3 4.75 

FeO 15.97 

CoO-f  NiO trace. 

CaO 1,15 

MgO SWs.VS 
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This  meteorite,  tlieii,  is  a  litliositlerit^,  poor  in   metal,  the  laeUllls  , 
portiou  not  exceeding  lii  i)er  cent,  uf  tlie  mass.    The  stony  part  ia 
prob&bly  anorthite  iind  eitatattte. 

Ohattooya  Vtiuntg  Meteorite, — Tliis  mass  of  meteoric  iron  was  fonad 
by  Mr.  W.  J.  Fox,  about  the  27th  of  Mareh,  1887,  on  his  farm  near  Hnl. 
land's  Store,  Chattooga  uouuty,  Ga.  lu  all  1^.5  kiloa  were  found,  bu( 
the  mass  was  rather  i-oughly  handled,  being  broken  into  (rieces  and 
some  of  them  workc<l  into  horseshoes  anil  [tails  l>y  the  louil  blocb- 
smiths.  Three  of  the  fragments  were  obtniiu'd  by  Illr.  G.  F.  Kmiz,  of 
New  York  city,  and  described  by  him  in  the  December,  18S7,  nmuiter 
of  the  American  Journal  of  Science. 

The  material  received  from  Mr.  Knuz  for  analysis  gave  the  Iblloning 
results : 

Prra-nt. 

Fe !»4.G0 

Ni 4.97 

L  Co 21 

I    2S — 

I  99.99 

W  SpeciQo  gravity 7.801 

Taney  County  Meteorite. — We  received  from  Mr.  (leorge  F.  Euni,  Uie 
present  owner  of  this  uieteoritc,  the  mat«rial  for  analysis.    The  ile«- 
cription  has  been  fully  given  by  him  in  the  December,  1887,  number  of  ■ 
the  Am,  Journal  of  Science. 

This  being  one  of  the  class  termed  stony  meteorites,  a  nnmherof 
analyses  wore  made  on  the  rocky  portion,  in  order,  if  pos.sible,  to  a-sccr- 
tain  the  character  of  the  minerals  pi-vnciit. 

The  analysis  of  the  metallic  part  is  as  follows: 

Fe rfJ.U 

m io.il 


Of  the  rock  material  separateil  from  mi't.illii^frrjiiiis  thcanalysisjiiive 


Al^O;,  - 

FeO  .. 
CaO.. 
MyO.. 


at.© 
The  fragment  aa  received  pave  n  specific  gravity  of  4,484.    As  far  as 
/  can  jiidye  the  insolulile,  m'\UCTvv\  «f  \\\*'  vtH-ky  portioEi  is  enstatite,  ami 
the  solabUi  part  a  linie,-\iou  biVwv.vU'  waV  wnxA-XsitvCuV  Ji\.i:i-v  WtJw 
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portion  insoluble  in  dilute  hydrochloric  acid  the  following  figures  are 
the  results  of  analysis: 

SiO, 52. 39=. 87 

AlaOa 7.11 

FeO 14.68     .20  % 

CaO 4.49     .08  >.81 

MgO 21.33     .53  ) 

100.00 

Batioof  SiOa :  R''0  =  .87  :  .81  which  agrees  pretty  well  with  enstatite; 
but  here  the  MgO  is  replaced  by  much  FeO,  and  the  presence  of 
AI2O3  makes  the  ratio  vary  a  little  from  the  normal  1 :  1.  Deducting 
all  the  S  as  NiS  and  the  Fe  to  correspond  to  the  remaining  S  from  the 
soluble  part,  we  have  for  the  percentage  of  the  soluble  part: 

Per  06Dt. 

SiOa 26.95 

Al,03 17.69 

FeO :«).98 

CaO 15.98 

MgO 3.40 

100.00 

The  little  MgO  here  probably  comes  from  the  slight  solubility  of  the 
enstatite  in  the  hydrochloric  acid. 

This  meteorite  is  similar  to  the  so-called  Newton  county,  Ark., 
stone  described  by  Dr.  J.  L.  Smith,*  and  Mr.  Kunz  has  found  th;it 
the  mass  originally  fell  in  Taney  county.  Mo.,  but  that  a  fragment  was 
broken  off  and  taken  to  Newton  county.  Ark. 

Linnville  Mountain  Meteorite. — About  the  year  18«2  a  mass  of  mete- 
oric iron  was  found  on  Linnville  Mountain,  Burke  county,  N.  O. 
Eventually  it  came  into  the  hands  of  Mr.  Kunz  and  was  described  by 
him  in  the  Amerie>an  Journal  of  Science.^ 

Material  for  analysis  was  furnished  by  Mr.  Kunz  and  gave  the  follow- 
ing results : 

Per  cent. 

Fe 84.r>(» 

Ni 14.95 

Co :uj 

Co none. 

S 12 

C —  trace. 

P - trace. 

99. 9<> 

The  Fayette  County  Meteorite. — The  meteorite  described  below  w  as 
found  some  ten  years  ago  at  Blulf,  a  settlement  on  the  Colorado  River 
about  three  miles  southwest  of  the  town  of  La  Grange,  in  Fayette  county, 
Tex.  Bluff  can  not  boast  of  being  a  village,  iis  it  is  simply  made  up 
of  a  few  farms  scattered  within  a  radius  of  two  miles.    The  farmera  are. 
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mostly  Germans  or  Boliemians,  ami  as  tliey  are  generally  of  tlip  8DiK>r 
stitious  clawi,  it  \a  not  stmnge  that  tlm  Under,  a  Ilohemimi,  named 
Kaiiiosek,  should  have  been  struck  by  the  ap|iearance  of  the  stoii«,  and 
especially  hy  its  weight.  As  it  is  probable  tbatheiicvcr  heard  of8ncli 
a  thiog  as  a  lueteoi'itu,  it  is  safe  to  say  that  be  did  not  know  tbu  uatare 
of  his  Had;  still  ha  seeius  to  have  come  to  the  conclasion  that  it  waa 
something  foreign  to  the  soil. 

There  is  a  tradition  in  Fayette  county  that  Santa  Ana,  at  the  time 
of  his  flight  after  the  battle  of  Sau  Jacinto,  buried  his  war  treasure) 
somewhere  nenr  La  Grange,  and  tlie  belief  has  so  fixed  itself  iu  tba 
miuds  of  the  inhabitants  that  many  fruitless  attempts  have  Ijeen  itiiulo 
to  discover  them.  The  finder  of  the  meteorite,  with  the  tradition  frcxh 
in  bis  mind,  reasoned  that  so  large  and  heavy  a  stone  most  mark  thn 
place  where  some  treasure  was  deposited;  he  therefore  rolled  the  stniie 
a  few  feet  a^de  and  dug  a  deep  bole  at  the  exact  s{K>t  where  the  stuue 
had  been,  without  finding  anything  to  pay  him  for  his  labor. 

For  several  years  the  stone  lay  where  the  Bohemian  ha<]  left  it;  tben 
he  sold  the  piece  of  laud  to  Mr.  C.  lleusel,  who  still  owns  it;  hutbefnifl 
the  latt«r  hatl  taken  possession  Itaniosek  removed  the  stone  to  his  own 
farm,  about  a  mile  away,  where  for  five  years  more  it  lay  ueglei-lwl  in 
his  yard.  His  reason  for  removing  it  was  that  its  weight  led  him  K 
suspect  it  contained  some  valunlile  metal. 

About  three  years  ago  Mr.  II.  Ilensoldt  took  charge  of  the  sobool  at 
Oe<lar,  two  and  one-half  miles  from  Bluff  settlement  While  spendinfi  liis 
time  ill  hunting  for  fossils,  minerjils,  t-tc,  the  attentioTi  of  the  farmers 
was  drawn  to  him,  and  in  January,  1888,  he  was  informed  of  the  str  ii^e 
stone  in  Mr.  Raniosek's  yard.  Immediately  on  seeing  it  he  recoguizol 
it  as  a  meteorite,  and  a  very  fine  specimen  of  its  kind. 

After  obtaining  possession  of  the  stone  Mr.  Ilensoldt  dispos<^^l  of  it 
to  Messrs.  Ward  and  Howell,  of  Rochester,  N.  Y.,  to  whom  we  are  in- 
debted for  the  material  for  study  and  the  privilege  of  description.  On 
receiving  the  stone  Mr.  Howell  published  a  noti<;e  in  Science  (February 
3, 188.S,  p.  55)  putting  it  on  rewrd  as  th(^  "LaGrange  Meteorite,"  but 
on  finding  that  this  name  hiwl  already  been  applied  to  the  Otilham 
County,  ICy.,  Meteorite,  agreed  that  it  should  be  called  the  Fayette 
Gounty  Meteorite. 

The  stone  pos-wsses  all  the  characteristics  of  a  meteorite.  The  pitting^ 
are  well  marked,  but  the  crust  shows  only  in  the  deeper  depressions; 
a  freshly  fractured  surface  shows,  besides  the  grains  of  metal,  a  green- 
ish-gray appearance  Tiot  uidike  some  greenstones.  A  particularly  inter- 
esting feature  of  the  stone  is  the  presence  of  a  few  dark  colore<l  veins 
varying  greiitly  in  dimensions — the  one  iu  the  specimen  for  examina- 
tion being  some  2mm  in  the  greatest  width  and  liOmm  in  length. 

The  three  dimensions  of  the  mass  are  5.S<^mx4Gcmx28cm,  and  tbe 
total  weight  about  140  kilos.     A  good  idea  of  the  appearance  of  tlie 
owtt'orite  may  be  had  I'ront  Wswia*  "%. 
Before  the  apeciuien  was*  \m\ve.v\v.w\  'iw  vvawX-jw*,  \3ati  -sftm  -s^ia.  •sssr 
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\\y  sawed ont,80 as  to  keep  all  the  vein  material  from  tho  masii.  The 
ck  WAS  then  ground  as  flue  as  possible,  autl  a  jiortioii  (1  gram]  treated 
ith  iodine  iu  void  water,  to  aepiirote  the  metaUic  particles.    The  residue 


Fio.  7.— The  KnjrtW  Count)- Meteorite. 

»s  Altered  on  a  Gooch  soluble  &lter  and  washed  free  from  iodine.  The 
cky  ii]ateri)il,after  being  weighed,  was  trwited  with  dilute  hjdi-ouhlwrie 
■m\  and  allowed  to  stand  for  ciome  time,  then  filtered,  aud  the  residue 
sighed ;  iu  both  cases  the  mineral  being  He{)arated  from  the  fliter  by 
dtig  tbo  projier  solvent  for  the  anthracene — washed  with  ether  and 
euhol  and  dried  at  106°  0.  This  temperature  was  not  sufQcieut  to 
ive  all  the  water  from  the  mineral  part,  which  accounts  for  tlie  discrep- 
K-y  of  about  2  per  cent. 

The  following  figures  will  show  the  composition  of  the  metal  and  the 
ick,  soluble  and  insoluble,  in  hydrochloric  acid  ;  also  the  results  of  a 
■mplete  analysis  of  the  total  mass: 


ToUl  mua. 

s.m  piT  ei-nt. 
ufi..ii.l(i..«i>U 

No.  S. 

No,*. 

OU.Sa  BM-  (WDt. 

iruildOolDble 
111  HCIt. 

-•OS* 

Kjuhl^inHCl), 

ZLH2 
.25 

2S.ei 

.to 

82.42 

i.12 

1,00 

2B.D8 
2.M 

4.113 

Z5.21 
trM«. 

trace. 

NiO 

15. « 

CoO 

-^ 

2.14 

S 

LoMOfcrS 

Speclflc  ^rmTlty 

2.18 

1W.70 

,65 

moo 

100.00 

lOLM 
t.«0 

W.  ]« 

S.SH) 

100.00 

The  percentages  iu  all  except  the  first  are  ca\c\i\!e>\«A,  It'sm.NXft'w*^.^'^ 
land. 
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From  tiima  flKun»t  it  will  be  oeeii  tbiit  tbe  miiieralft  which  gotomnke 
np  itie  rocky  portion  of  the  meteorite  are  eHHentially  olivine  ami  v\h 
•Intite,  with  conmilerabte  pyrrhotite,  as  is  aI»o  ahown  by  the  ruiuru- 
(Acopici^  description,  tor  which  1  am  indcbltfcL  to  Mr.  G.  P.  Merrill,  ol 
ithe  V.  S.  Nalioiial  Mnseum,  by  whom  the  paper  was  poblished  in  tk 

.mericnu  Jouninl  of  ScU'nce.' 

The  Htonu  Iwlonph  to  the  class  of  meteorites  to  which  G.  Rose'  ha* 
'^veD  the  uanie  "  chood rites."  Tothe  unaided  eye  the  chrouditicstrniM 
ore  is  not  distiuctly  miirked,  a  broken  surfac«  Hbowiug  a  fine-graiiii'il 
tlii<l  evidently  crystalline  graualar  rock,  very  coni|iiict,  uf  agreentKb' 
gniy  color,  and  thickly  studded  with  small  metallic  poiutM  withabmwt.r 
flatter.  A  pulishcd  surface  shows  the  stoue  to  be  composed  of  suiiill 
.Qhoudri  rarely  over  2mm  iu  diameter,  thickly  and  Urmly  compacted  iu  a 
fine  gruiiular  grouudma^s.     Throughout  the  entire  laiisa  are  thickly 

I  distributed  innumerable  small  irregular  tieuktt  of  a  steel-gray,  brawy, 
mid  brouKc- yellow  color,  presumably  native  iron  and  pyrrhotite, 
,  The  striking  feature  of  the  stone  is  its  tine  and  compact  texture,  whi«h 
[exceeds  that  of  any  eboudritic  meteorite  with  which  we  nre  ac()iiaiiited, 
bat  which  is  perhaps  most  closely  at)proached  by  the  stones  of  Dburnt- 
'  Sala,  India,  aud  Oabai-rua  county,  I*.  C.  ( 

'  Thin  sections  of  the  atone  show,  under  the  microscone,  a  coiirowH 
■  aggregate  of  rounded  aud  irregular,  ol^en  fragmeutal,  olivine  aud  euHEi- 
ft,tite  gruiua  and  eboudrt,  embedded  in  a  fine  granular  grouudmass  of  llm 
L-vame  mineral  composition. 

The  chondri  occur  in  both  monosomatie  aud  jiolyaomutic  forma  cm- 
posed  either  of  olivine  or  enstatite  alone  or  tlic  two  minerals  associawi. 
The  peculiar  grate-like  or  barred  forms  so  characteristic  of  olivine  cliou- 
dri  are  here  represented,  as  are  the  radiating  fan-shaped  forms  of  en- 
statite. 

The  large  greenish  microscopic  chondri  are,  under  the  miscroacoiie, 
seen  to  be  made  up  of  iunuinerable  enstatite  granules  so  arranged  asto 
form  oval  or  fan-shaped  areas  of  radiating  columns,  inclosing  \avfff, 
quite  i>erfectly  ontlineii,  crystals  of  the  same  miuenil.  These  iucludwl 
forms  are  nearly  colorless  or  merely  gray  through  inclosures  of  iuun- 
merable  dust-like  particles,  and  show  sharp  and  well-defined  cleavitf^s 
parallel  to  either  prism  and  a  parting  parallel  to  the  orthopiuacoid- 
Both  olivine  and  enstatite  are  nearly  colorless  or  gray  through  iuclo- 
sures  of  dust-like  particles,  and  carry  but  few  cavities. 

In  addition  to  the  minerals  above  mentioned  there  were  noticed  oc- 
casional broad,  irregular  plates  of  a  monocliuic  mineral,  light  grayio 
color,  but 'polarizing  brilliantly  in  red  and  yellow  colors,  and  which  gave 
extinction  angles  varying  from  25''  to3P  Such  arc  presumably  augite 
or  a  closely  allied  pyroxene.  Nothing  that  can  be  certainly  identified 
as  a  feldspar  was  observed.  Occasional  small  nearly  colorless  angular 
forms  show  faint  indications  of  twin  structure,  and  it  is  possible  may 
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be  a  plagioclase.  In  two  sections  were  obHerved  irregular  outlii 
terstitial  areas  perfectly  colorless  and  fall  of  gas  cavities.  TL 
some  cases  remained  quite  dark  during  a  complete  revolution  < 
stage,  and  in  others  gave  decided  polarization  in  light  and  dark  < 
and  in  converging  light  showed  indistinct  biaxial  interference  fi 
The  position  of  these  areas  relative  to  the  other  constituents  is  t 
an  interstitial  glass  or  a  secondary  mineral  like  a  zeolite.  As 
show  neither  cleavage  nor  crystallographic  outlines,  and  moreov 
to  be  foand  but  rarely  in  the  sections  at  hand,  it  is  impossible  tc 
tify  them  satisfactorily. 

The  metallic  iron  occurs  in  the  usual  rounded  and  irregular  n 
one  to  two  millimeters  In  diameter,  and  is  apparently  in  about 
proportions  with  the  pyrrhotite :  the  latter  showing  a  bright  I 
laster  in  strong  contrast  with  the 
silvery  white  iron. 

The  black  vein  above  noted  trav- 
erses the  stone  in  the  form  of  an 
irregalar  fissure  (often  expanding 
and  contracting  abruptly,  as  is 
shown  in  Fig.  8),  for  a  distance  of 
about  60mm,  and  varies  in  width  from  a  mere  line  up  to  2mm. 
its  lower  end  it  bifurcates,  and  incloses  a  portion  of  the  mass  < 
meteorite  some  15mm  long  by  2mm  wide.* 

From  a  fragment  containing  a  portion  of  the  vein  thin  sections 
prepared,  and  the  remaining  vein  material,  separated  as  clearly  a 
sible  from  the  inclosing  rock,  was  subjected  to  chemical  analysi 
process  being  essentially  the  same  as  in  the  analysis  of  the  met 
proper.  Although  the  vein  material  is  more  compact  and  much  c 
in  color,  the  analysis  shows  very  little  difference  from  that  of  the 
the  main  apparent  difference  being  the  absence  of  the  lime  b( 
mineral.  The  following  are  the  figures  obtained  by  analysis  on 
rial  that  weighed  a  little  less  than  0.4  grams : 


Fio.  8.— Voin  in  Fayette  Coanty  Motoo 
Natural  size. 


Metal. 

44  per 

cent^  of  vein. 

Insoluble  in 

HCl. 

61  per 

cent,  of  vein. 

Soluble  in 

HCl. 

Fe 

2.30    . 
trace. 

3.585 

SiO, 

56.52 

12.35 

1.51 

trace. 

26.53 

4.09 

27.63 

34.31 

2.41 

trace. 

32.12 

3.?7 

.52 

NiUo 

FeO 

ALO. 

CaO 

MgO 

(NiCo)  0 

s 

Less  0  for  S 

100.00 

100.26 
.26 

Specific  gravity  .. 

100.00 

*Sinre  the  above  wa8  written  MostsrH.  Wunl  uud  Uon«cA\  \wi^  v^\t^^  "Cc 
ihroujj;^}!  the  center  mul  pub/isbed  [\\  Sciouctt  of  Jux\\^  \,  W^^^  ^^\xv^  ^vx 
^  ^Penp  »ud  widpb  of  tk^  yeina, 
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TIk-  mma  tliflSimlty,  with  rt'ganl  to  water  in  the  mineral,  oxiatH  licre  } 
■AM  ill  ttio  aniilyHiH  al'  tb<f  iiiaHH. 

From  tUe  figart;!^  it  upiiuars  tbat  the  portion  soluble  in  liylrocUIoric  ' 
uuiil  in  eHaeiitiiilly  olivine  in  composition,  while  tlio  iusolulile  iseviil«rii- 
ly  u  niixtaro  of  the  same  insolable  eonstitueuls  as  the  mass  ot  themetv-  I 
uriti.'.    The  tilling  material  of  the  rein   i8,  to  the  uiiattled  eye,  igaile  . 
black  ami  withuatlnater;  under  the  micro9COi>e  it  i»  seen  to  penotnite 
V('r>'  irregnlarly  aiul  by  inuunierable  minute  vein-like  ramifications  into  J 
the  stony  mass  ou  either  sUle,  anil  to  carry  numerous  incIoHUTOH  of  h 
vulorlesH  mineral  sub:;tauc6  and  blebs  of  metallic  irou  and  pyrrhotilh  ^ 
The  exact  nature  of  the  colorless  iuclomurea  can  not  be  asoertainnl 
Ou  treating  an  uncovered  slide  with  hydrochlocic  auid  a  part  uf  tiieiw  I 
were  (lisHolveil,  others  were  unacted  u {ton.     Under  ttion)icroseoi>e  tiiry 
are  full  of  irregular  rifts  and  fracture  lines,  but  show  no  true  cleavageH.  ] 
Some  of  them  are  in  the  form  of  single  individuals,  others  have  the   , 
tttructure  of  fragments  of  polysoniatic  chondri.     Nearly  all  contain  in- 
eluded  block  amorithous  mutci-ial,  and  mauy  show  distinctly  iudnilnl 
s|)ecks,  giving  the  silvery  wliit<^i  and   brassy  yellow  reflections  of  tlia 
metallic  iron  )ind  pyrrliotite.     lu   many  cases  they  are  not  separHMl   [| 
from  the  black  vein  malcriid  by  sharp  lines,  but  seem  to  pass  into  it  by  I 
gi-ailations.     Uetween  crossed  nicols  many  of  tbem  act  like  a  cum,  otlipn  \ 
remain  always  light,  rwwiling  the  well-known  eryplo-crystallineBtrtHil- 
luv  of  ohaleednuy,  and  still  show  hei'e  and  there  occasional  small  »reiu 
giving  the  characteristic  polarization   eolora  of  olivine  and  «nstaCit& 
Oil  examininfi  the  walls  of  the  vein   areas  were  observed  where  the 
gr.iy  and  yellowish  eustatitcs  and  olivines  retained  their  normal  proper- 
ties at  the  distance  of  one  or  two  millimeters,  but  at  contact  witli  tlie 
black-vein  matter  were   reduced  to  the  colorless  non-polarizing  coij<li- 
tion  of  the  inelosnres. 

The  black  nnitter  of  the  vein  when  viewed  in  strong  reflected  liglit 
shows  a  dull  bronze  luster,  less  brilliant  than  that  of  the  pyrrhotite 
particles  which  it  incloses.  The  thinnest  jiortions  of  the  slide  when 
exiimined  with  a  power  of  175  diameters  show  a  brownish  amorplions 
base  through  which  are  scattered  abundant  irregular  dust-like  partiolen 
ami  flecks  of  a  perfectly  black  opaque  material,  the  nature  of  whicbit 
is  impossible  to  ascertain  by  the  tnicroseo|>e  alone. 

The  strnctun^  of  the  vein  is  showu  in  figure  9,  in  which  the  fiiielj 
dotted  portions  repieseiit  the  black  amorphous  vein  matter  with  bronzy 
luster,  the  entirely  black  areas,  the  blebs  of  metal  and  pyrrhotite,  and 
the  irregularly  rounded  clear  or  partly  clouded  areas  the  colorless  sili- 
cates. 

From  the  study  of  these  veins  as  above  described  we  are  inclined  to 
consider  the  colorless  particles  as  olivine  and  enstatite  residuals  which 
have  been  deprived  of  their  normal  optical  properties  by  the  forces 
active  in  forming  the  vein.  What  the  exact  character  of  the  black  and 
atnorpbouB  material  may  \)6  stAV  Tftvaawv*  a.  isi'&ttwt  of  conjectare.   It 
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iiacted  upon  by  adds,  and  wheu  tested  with  u  needle  point  it  breaks 

readily  into  earthy  fragments  which  are  not  attracted  by  the  magnet, 

[r.  Howell  informs  nte  that  the 

le  in  hi8  possession  shows  three 

bese  veins,  the  largest  exposure 

uy  one  on  a  broken  surface  being 

at  foor  inches.    The  width  and 

eral  character  of  all,  he  Htiites, 

ear  to  be  uniform  throughout 

igh  this  can  be  ascertained  deflu 

r  only  by  breaking  the  stone.' 

wing  to  the  small  amount  of  vein 

erial  which  was  availablefor  chemical  analysis  and  the  impossibility 

uparating  it  completely  from  the  inclosing  rock,  the  results  obtained 

be  regarded  only  as  suggestive.    The  main  points  broaght  out  can 

H98t  shown  by  reproducing  here  u  comparison  of  the  results : 


Fia.  B.— Portk 


■in  hightf  magniSed. 


.... 

Mft«or 
37.70 

23,  re 

SS.M 
1.3U 

Vpin 
38.  M 

tnu'e. 

SlwciBceravitj,..- 

3.610 

3.S85 

I  etrnotnro  thesv  voinH  xeem  tooiil;  remotely  reHumble  those dMOribedbj  Teober- 
(Sitz.  der  ktiix.  Akiul.  der  Wins.,  vol.  t%,  P&rt  1,  p.  204)  in  tbe  Moca  uieteorite, 
wtaicb,  it  will  1h)  rejiieiiibvruit,  bu  argued  iuUicated  an  elovntion  of  t«inperatnre 
'IhecODBOlidittiuu  oftlie  stone,  siicb  as,  aided  by  reduciiii;  vapors  and  gams,  fuMd 
roD  aud  iiyrrhotito  without  affecting  tbe  silicates.  He  describes  tbe  brnwn  and 
[  "  FuUmagHu"  of  the  toid  as  an  admixture  uf  tbo  Huiue  anbstance  aathe  mete- 
itaelf,  and  ati  upaqile  balf  glausy  black  admixtare  Teaembling  tbe  black  vein- 
material  of  tbe  Orviaio  stonu.  Tbe  silicates  occur  in  the  vein  iu  the  form  of 
1  sharp  spliuters,  tbe  iron  in  grauulea,  and  the  pjrrbotite  in  tbe  form  of  little 
IS  and  small  kernels,  often  no  arraii>;<!cl  ux  to  give  rise  to  a  fliiidal  straoture.  Dr. 
<BeDBob  bas  descrilied  (N.  Jahrb.  ItlrMiD.,  iv  Bell.- Baud,  3  Heft,  t8H6,  pp.  401- 
veine  in  tbe  Stitlldslon  meteorite  which  present  fi-ntures  in  part  common  tothuoe 
le  Fayette  stone.  To  tbo  unaided  eye  the  Hllinf;  material  is  black  and  opaque 
iarriea  metallic  |i-t>^'oteB.  Under  the  micruHcupo  it  shows  a  brownish  gray,  iso- 
c  and  sometimt'S  glassy  bobstance  densely  crowded  with  tonnded  transparent 
iioDts.  The  iip|>er  Hifvn  in  hts  Plate  XIV  closely  resembles  in  etraotnre  tbe 
matter  of  tbe  Fayette  stone,  biitottfaras  can  be  judged  from  bis  deacriptioa 
loladed  particles  seem  to  have  retaiuod  their  normal  optical  properties.  Benscb 
'da  this  black  vein  material  as  tbe  result  of  a  partial  refusion  of  the  ohroodite 
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These  differences  are  too  slight  to  be  considored  of  great  valm 


Flbnnd  to  be  constiint  by  farther  iiiveatigatinii. 
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San  Bernar'Uno  County  Meteorite. — A  proBpector  working  in  the  8au 

'  Jlmit^ilio  MountainB,  California,  fonnd  this  m»t4.-orito,  and  thinking  it 

}  to  be  a  lump  of  some  valuable  ore  Hent  it  to  Mr.  Thomas  Price,  of  Shu 

I  FranciBco,  for  assay.     Unfortunately  before  the  uatnre  of  the  saiii]tli' 

I  waB  discovered  it  was  put  through  a  crusher  and  hence  onl.v  Hmtill 

',  pieces  could  be  obtained.    On  finding  tliat  it  was  a  metooritf,  Mr.  I'nci> 

I  sent  a  few  fragments  to  Mr.  G.  P.  Merrill,  of  the  U.  3.  National  Mnsenm, 

for  investigation.     Mr.  Merrill  lias  published  a  note  on  the  subject  in 

L  the  June,  1888,  number  of  the  American  .Tournal  of  Science,  and  laict 

'  ft  full  description  in  Vol.  11  of  the  Proceu<liiigs  of  the  National  Museum. 

From  Mr.  Merrill  we  received  material  for  analysis,  but  the  bad  vm- 

'dition  of  the  fragmentB  made  a  complete  analysis  abuost  impossible, 

The  mass  consists  of 

Metallic  portion S.S1 

Soluble  in  HCI 51.26 

Insoluble  ID  IICI 43.23 

Of  this  the  metallic  portion  gave  as  its  composition — 


The  soluble  iMtrtiou  is  presumably  all  ollviuo  and  pyrrhocite,  witb 
some  secondary  iron  oxide.  The  analysis  of  this  portion  by  separatioii 
with  dilute  hydrochloric  acid  was  a  failure.  The  insoluble  part  was  nevi- 
rated  by  long  digestion  in  dilute  acid  followed  by  boiling  in  sodium  car- 
bonate. The  remaining  powder  showed,  with  the  aid  of  the  mitro 
scope,  the  presenctt  of  very  pure  eustatitc  and  very  little  else,  and  the 
clieinical  composition  upholds  this  view. 


MgO 2U.ll 

100.02 

Fi-om  these  figures  it  will  bo  seen  that  the  mineral  is  a  highly  ferrif- 
erous enstatite  (bronzito)  with  a  small  amount  of  a  lime-bearing  pyrox- 
ene mineral.  The  relative  proportions  of  the  various  constitueuts  as 
they  exist  in  the  first  rock  can  not  be  estimated  with  any  degree  of 
certainty  for  the  reasons  already  stated. 


TWO  SULPHANTIMONITES  FROM  COLORADO. 


By  L.  G.  Eakins. 


The  mineral  first  to  be  describetl  was  sent  to  the  Denver  laboratory 
of  the  U.  S.  Geological  Survey  in  the  latter  part  of  1885  by  Mr.  E.  11. 
Warren,  of  Crested  Butte,  Colo. 

At  that  time  a  hasty  qualitative  exammation  was  made,  establisliin^ 
the  fact  that  it  was  a  salphautimonite  of  lead,  and  since  then  nothing 
more  has  been  done  with  it  nntil  the  present  analysis  was  made. 

This  mineral  comes  from  the  *'  Domingo''  mine,  on  the  ridge  between 
Dark  Oafion  and  Baxter  Basin,  Gunnison  county,  Colo.,  in  which  locality 
it  is  known  as  <*  mineral  wool.''  It  consists  of  aggregates  of  small 
acicular  crystals,  forming  matted,  wool-like  masses  in  the  cavities  of 
a  highly  decomposed  gangne  rock  of  siliceous  material  mixed  with 
some  calcite.  It  is  dull  grayish-black  in  color,  with  occasional  spots 
of  iridescence,  due  undoubtedly  to  a  slight  superficial  oxidation. 

In  procuring  material  for  analysis  a  lot  of  loose  material  sent  by  Mr. 
Warren  was  slightly  crushed  and  rubbed  with  water  in  a  mortar  and 
])Oured  off,  the  fine  needle-like  crystals  floating  off  readily;  this  was 
afterward  purified  by  a  retreatment  in  the  same  manner,  and  then  sub- 
jected for  a  short  time  to  the  action  of  dilute  hydrochloric  acid  to 
remove  the  slight  amount  of  attache4l  calcite.  The  material  obtained 
in  this  manner  appeared  under  the  microscope  to  be  perfectly  pure  and 
homogeneous,  with  the  exception  of  a  slight  amount  of  gangue  still 
remaining. 

No  crystalline  form  could  be  made  out,  and  on  account  of  its  peculiar 
nature  no  attempt  has  been  made  to  determine  either  specific  gravity 
or  hardness.  Heated  before  the  blow-i>ipe  it  fuses  readily  without  de- 
crepitation ;  in  the  closed  tube  it  gives  a  slight  sublimate  of  sulphur 
only;  in  the  open  tube  it  gives  off  sulphurous  acid  and  dense  white 
fhmes  of  oxide  of  antimony;  heated  strongly  the  antimony  all  vola- 
tilizes, leaving  a  fused  residue  of  sulphate  of  lead,  slightly  colored  by 
the  iron  present;  on  charcoal  it  gives  the  lead  and  antimony  coatings, 
and  in  the  reducing  fiame  with  soda  a  lead  buttou,  K  \^  ^Oi\>\:\^'\VL 
hot  strong  hydrochloric  acid  with  evoluUou  oil  Yv^Oitoseii  ^\s\>^\^^* 

Wo 


Giviug  tbe  formula:  (Pb,  FeijBb^Ss,  or  3(Pb,  Pe)  S,  2Sb,Sj. 
TbiH  iiiiia>Fal,it  i«  sf eit,  tllltj  a  plauuiu  Ui(:>;;i'iiiiji,3U8,2{Ah,Bi,81>),^ 
^Of  wliicb  tbpreuru  btit  few  good   fsam]ik-i«,  ituii  wbicb  until  now  bM^ 
H  not  liiul  iiti  antimouy  repreaGDtativ<>. 

Tbc  soniewbiit  low  Huuimatiou  of  tbe  aunlytiis  U  pntbably  iluti  Ut  tiro 

I  OBuaes :  Ftrst,  n  sihaII  ainoiiut  of  soluble  ^aiigue  wl.iub  was  pitiMUliUKl 

rvnt]et«nniueil;  xeuoiiil,  Hit;  aulptiiir  in  atioiil  fuiir-teuthHof  one  iierwul- 

lless  thtiii  retiuirod,  due  to  Uie  eliglit  iiutunil  osJdtitloii  of  lUe  miuenl 

ItOgetliBT  witb  an  odtlUiuiial  amount  niducvd  b.v  tivatmuiit  wltli  dilute 

ffhydrochlorii;  aoid  for  tba  removal  of  calcitis     Iti  addition  tu  the  com- 

plutu  aualysis  {riven,  tiiire  van-  uddilinnal  (leliTniinntionsniadcof  IM, 

atitiniony,  and  sulphur,  tbe  results  obtained  bviiig  iu  strict  agrtemeut 

witb  those  given  above. 

Tbc  second  of  tbvse  snlptiantinionites  vras  collected  iu  tbesumiDeTof 
lfW7,  by  Mr.  Wliitiniui  Uroas.  It  comes  from  a  mine  on  Augusta  Moanl- 
ain,  Gunnison  county,  Colo.,  this  locality  being  about  one  mile  east  of  t1i# 
"Domingo"  mine.  Locally  tbis  mineral  is  also  known  as  "miutral 
wool,"  and  aUhougb  differing  eousiderably  in  appearauce  from  ttieoui; 
just  described,  tliey  were,  on  account  of  tbe  similarity  of  oceurreuce, 
considered  as  probably  identical. 

It  occurs  in  a  siliceous  gangne  together  witb  pyrite  and  spbaleiite 
and  t'oriiis  groups  of  acicular  crystals,  which  ai-e  elongated  prnmi 
dei^ply  striated,  but  whose  form  could  not  be  determined. 

The  in<lividual  crystals  of  this  mineral  arc  considerably  larger  ibai 
those  of  tbe  one  previously  described,  and  in  consequence  they  ilouo 
tend  HO  much  to  form  matted  aggregates.  Its  color  is  a  bright,  steely 
grayish-black,  witb  no  tendency  toward  tarnish  or  iridescence.  The  Bei>a 
riition  of  this  mineral  from  the  aecompanyiug  ones  and  the  gangue  va- 
a  matter  of  considerable  difliculty.  On  account  of  their  size  tbe  crystal 
could  not  be  successliilly  washed  out  fn>m  the  other  material,  but  b; 
tbe  use  of  a  rapid  current  of  water  and  the  Thoulet  method  a  smal 
quantity  was  fiuaUy  y>vo(;viv»;«\  v*^"^*^*^^^^  ^''**  'v^qvo,  ft-j&tutbing  excep 
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some  pyrite,  and  that  had  no  efifect  apon  the  analysis,  as  the 
was  dissolved  in  a  mixture  of  hydrochloric  and  tartaric  acids, 
the  pyrite  unattacked.  It  was  then  filtered  through  a  Gooch  < 
and  the  amount  of  pyrite  determined  and  deducted  from  the  i 
taken.  The  fact  that  but  a  trace  of  iron  was  found  in  the  an< 
conclusive  proof  that  the  pyrite  was  practically  unattacked. 

Blow-pipe  characteristics  are  the  same  as  in  the  one  before  de 

The  analysis  is  as  follows : 

Atomic  ratios. 

Ag fTace. 

Pb rjf).  r>2  — 207  =  .  26 

Fe trace. 

Sb 25.09  —120  =  . 21 

8,  (calculated) 18.98  —  32  =  . 59 

100. 49 

Dividing  these  atomic  ratios  by  .217  we  get: 

Pb 1.24    =4.9 

Sb 1.00  4.0 

8 2.74        10.9 

Giving  the  formula :— Pb58b4S,i  or  5PbS,  2Sb2S3. 

We  have  here,  in  formula,  a  freieslebenite  in  which  instead 
and  silver  the  silver  has  been  completely  replaced  by  lead,  and  a 
the  crystallographic  agreement  of  tins  miner<;l  with  freicslebei 
not  been  established,  there  seems  to  be  no  good  reason  for  not  r 
it  to  that  species.  The  first  described  of  the  above  minorah 
Fe)  8, 2  Sba  S3,  has  been  given  the  name  "Warrenite,"  after  the 
man  who  brought  it  to  our  notice.  The  same  mineral  has  bee 
uated  ^^domingite"  by  Groth. 


COEFFICIENTS    OF   VOLATILITY    FOR     AQUEOUS     CHLORHYDRIC 

ACID. 


By  Robert  B.  Warder. 


The  various  questions  of  physical  cliemiatry  are  claiming  more  and 
more  attention,  and  problems  relating  to  states  of  aggregation  seem  to 
bave  a  special  interest.  The  art  of  fractionnl  distillation  on  a  manu- 
facturing scale  has  developed  a  great  variety  of  appliances,  but  much 
remains  to  place  the  theory  on  a  satisfactory  mathematical  basis,  espe- 
cially in  the  case  of  bodies  which  exert  a  mutual  affinity. 

The  term  ** coefficient  of  volatility"  wjis  introduced  by  Wanklyn*  to 
indicate  the  relative  readiness  of  dilforent  constituents  to  volatilize. 
Thus  he  found  that  when  a  very  dilute  solution  of  ammonia  was  dis- 
tilled until  iV  ^f  ^^^^  water  passed  over,  nearly  J  of  the  ammonia  had 
distilled  with  it.  ITe  estimated  that  a  given  quantity  of  water  in  any 
small  fraction  of  the  distillate  was  accompanied  by  13  to  14  times  as 
much  ammonia  as  the  same  quantity  of  water  in  the  boiling  liquid. 
Expressed  more  formally,  if  a  boiling  liquid  has  the  composition 
U20-f  nNEIa,  and  yields  a  mixed  vapor  represented  by  HjO+r/iNIIs, 
the  factor  v  is  the  coefficicient  of  volatility,  and  in  the  case  cited  v 
equals  about  13  or  14.  Since  this  gas  may  be  absorbed  in  indefinite 
proportions,  of  course  the  coefficients  n  and  vn  may  be  fractional,  indi- 
cating the  number  of  molecules  of  Nils  divided  by  the  number  of 
molecules  of  H2O. 

In  the  case  of  chlorhydric  acid,  as  is  well  known,  when  the  liquid  boils 
under  the  ordinary'  atmospheric  pressure,  it  tends  to  acquire  the 
constant  composition  HCI+8H2O,  or  H2O+ J  ETOl.  After  a  stronger  or 
weaker  acid  has  reached  this  composition,  on  further  boiling  n=vn  and 
the  factor  1?= unity. 

The  well  known  researches  of  Roscoe  and  Dittmar*  showed  that  an 
acid  of  higher  composition  will  boil  unchanged  under  diminished 
pressure ;  a  similar  result  was  observed  upon  evaporation  in  a  current 
of  air  of  given  temperature  to  supplement  the  partial  pressure  exerted 
by  acid  and  aqueous  vapor.  Hence  it  is  clear  that  v  depends  not  only 
upon  the  composition  of  the  mixture,  but  also  upon  the  pressure  (or 
temperature)  at  which  the  distillation  is  con<lucted.    The  publisliwl 


'  Philos.  Magazine,  [4  j  45,  121)  (I87:i).     Pharm.  3  .TTau^.,  V^^*^^^^*^  V\^~*^^ 
'Joar.  Chem.  80c.,  12,  128. 
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(latA  r<^l»to  to  tbe  conililionB  uoder  which  r=1,  but  no  attt-mpt  biM  yet 
Iweii  iiiiulo  to  sbow  tbe  relatiou  between  v  and  n. 

Tlie  more  recent  rpsearchos  of  Itoozolioom  bIiow  certain  conditionR  of 
<>quilibrinm  among  solid,  liquid,  and  BRfleniis  phases  of  nqneous  clil(m 
hydricacid'  aud  other  compoiiitdH  which  are  ilbiBtrated  by  tbermo(!.r> 
oamical  theory;'  bat  the  papers  do  not  discuss  the  ordinary  conditiuiii 
of  distillation. 

Many  operations  of  uniiiufacturing,  geological,  and  analytical  cbom- 
istry  depend  npon  the  partial  or  coinpluto  scparatioti  of  volatile  con* 
stittients,  Chlorbydric  acid  is  typical  of  a  largo  number  of  HubsUinoet  ^ 
wliich  have  strong  attraction  for  the  solvent ;  and  a  more  exact  kiiovl> 
edgeofit»  vo/afiliftf  aa  a  functiou  of  th»  composition  is  tbe  object  0( 
this  research. 

EXPBEIMENTAL  METHOD. 

One  hundred  cubic  centimeters  of  chlorhydric  acid  of  know  n«trengUi 
was  subjected  to  fra<:tional  distillation  in  a  boiling  flask  of  25()cm'  capac- 
ity. Successive  portions  of  the  distillate  were  conducted  througli  l 
Liebig  condenser  and  diacharged  near  tbe  bottom  of  receiverej  aloowly 
litting  cork  waa  used  to  binder  evaporation.  The  several  fractioiiB, 
afti'C  weighing  in  well  stoppered  vessels,  were  titrated  with  sodium  by- 
dnite,  containing  a  little  barinin  hydrate  and  carefnily  protected  from 
tbo  air  1)y  aoda  lime.  Phenol  phthalein  was  used  a^  indioitor.  In 
some  eases  very  weak  distillatea  were  evaporated  with  excess  of  ainiiin> ' 
iiiii,  and  tilnitivl  with  cciitinormal  silver  solution  and  potassinm  chr» 
mate.  The  water  was  determined  liy  deducting  the  acid  from  tlietotiil 
weight  of  the  fraction.  As  a  rnle  no  reliance  was  placed  npon  RiK'ciBe 
gravity,  tbe  ordinary  summer  temperature  of  the  room  being  far  above 
that  recognized  in  the  fables ;  hence  the  acid  used  for  each  distillation 
was  weighed.  The  residues  in  tbe  boiling  Hask  were  also  weighed  and 
titrated  for  control. 

When  fractional  distilbition  is  conducted  for  the  purpose  of  separat- 
ing the  constituents,  this  is  promoted  by  some  kind  of  dephlegniation; 
this  may  lie  accomplished  by  exceedingly  simple  means,  as  tbewallsof 
an  ordinary  boiling  flask,  by  tlie  complicated  appliances  of  the  inami- 
fiMiturers,  or  by  tbe  many  devices  for  laboratory  use.  The  object  of  tbe 
present  work  required  tlieexclnsionof  depblegmation,  since  this  would 
introduce  an  element  of  great  uncertainty.  The  Hask  was  placed  in  a 
cylindrical  air  Iwith  and  covered  with  a  conical  hood  of  sheet  copiicr. 
By  means  of  u  ring  burner  (as  devised  by  Gibbs),  with  very  gentle  air 
blast,  a  circle  of  gas  jets  was  thrown  upon  the  copper  cone,  so  as  to 
keep  the  ui)per  part  of  the  flask  heated  far  above  the  boiling  point 

'  Rec.  Trnv.  Cliiiii.  PavH-Ilas,  :t,  Hi  (1«HI).     AliHtract.  in  Zeil«cb.  pli^sik.  Chein,,  1, 
365  C18Sf7)  and  3,  459,  (ItWH). 
'Bee.  Trav.  Chini.  PajB-BM,  ft,  ■.tlij  (l*i6).    Abatract  in  Zeitach.  phyaik.  Chem.,S, 
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flnid,  while  distillation  was  effected  by  a  large  Hansen  burner 

the  air  bath.    A  thermometer  in  the  vapor  was  usually  kept  at 

)erature  of  145^  to  153<^.    The  boiling  point  of  the  liquid  was  from 

0  109 0.  (varying  with  the  concentration);  and  from  the  rate  of 
Gttion  and  the  space  above  the  liquid,  it  was  estimated  that  the 
would  pass  from  the  surface  to  the  condenser  in  about  six  seconds; 
it  is  not  to  be  supposed  that  the  thermometer  indicated  the  actual 
ratore  of  the  vapor,  but  something  between  this  and  the  temper- 
of  the  radiating  surface  of  glass  or  copper.  By  this  means  the 
dsation  of  moisture  upon  the  sides  of  the  flask  was  prevented, 
reliminary  experiment  with  HaO+.OSTHOl,  the  first  fifty  percent, 
ed  without  the  hood  and  ring  burner  contained  no  more  acid  than 

per  cent,  distilled  with  the  precaution  described;  and  this  was 
me-tweutieth  as  much  acid  as  distilled  in  the  first  50  per  cent, 
the  heated  cover. 

bhe  distillation  proceeded,  and  the  volume  of  vapor  increased,  the 
rature  had  to  be  moderated  by  turning  down  the  flame, 
he  distillation  of  strong  acid  each  receiver  was  weighed  with  lOcm^ 
,  to  absorb  the  acid  fumes. 

CALCULATION  OF  RESULTS. 

weight  of  HCl  found  in  each  fraction  of  the  distillate  subtracted 
:he  total  weight,  leaves  the  weight  of  water;  and  the  weights  of 
and  acid  thus  found  in  each  fraction  were  subtracted  success- 
from  the  water  and  acid  taken  to  find  the  composition  after  the  re- 

of  this  fraction.    The  mean  composition  of  the  boiling  liquid 

1  the  removal  of  each  fraction  was  expressed  in  the  form  H2O+ 
1  he  composition  of  the  distillate  being  H-iO+n'HCl  or  H2O+ 

I.  The  coefficient  v  was  then  found  by  dividing  n'  by  n.  Four 
ations  gave  25  pairs  of  values  as  follows : 


I. 

V 

.284 

II 
n 
.0681 

• 

V 

.140 

III 
n 

0666 

• 

V 

.084 

IV 

• 

n 

n 

V 

5.44 

0952 

.1939 

1031 

.42:5 

.0759 

.194 

.0693 

.111 

.1853 

3.71 

1107 

.537 

.  JI862 

.  282 

.0730 

.158 

.1713 

2.40 

1186 

.W5 

.0984 

.429 

.0769 

.172 

.1567 

1.66 

r.:3i 

.>-«8 

.1107 

.  597 

.0806 
.0844 
.0879 
0011 
.0944 
.0970 

.198 
.243 
.247 
.  253 
.300 
.311 

.1474 

1.31 
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DIBCUS810N   OP  RESULTS. 


Two  poiiits  remain  to  ho  coiisWerci) : 
FirBl,  Wliat  formula  will  Iwst  uxpresB  tli«  valnes  found  for  v  asfiiDo- 
tiou  of  nf 

Second.  Do  the  relations  Uare  iletermined  point  to  actual  equilibriani 
]t>etween  liquid  ntid  raporf 

'So  ono  equation  vrna  found  to  express  all  the  values  given  almve. 
When  dilute  acid  (h=.07  to  .U)  was  boiled  rapidly  (about  one  grdiii  |ier 
minute)  the  rcsulta  agreed  with  the  equation 

»=445mS  I 

in  series  II.  When  strong  acid  (»=.15to  .20)  wa^boiiod  rnpidlj-,! 
iluem  of  r  were  Romowhat  greater  than  would  be  indicatNl  liyti 
uation  above;  approximately, 

»=30G3n', 
iriea  IV,  These  two  empirical  curves,  which  occujiy  difterenl" 
lurU  of  the  field,  are  entirely  consistent  with  each  other,  but  must  b 
i(;ardud  as  a  Jirnt  af^orimation  only  to  the  function  sought.  Wlicii 
dilute  aeid  of  Series  I  and  III  was  boiled  from  20  to  m  per  m\l 
lOre  slowly  than  that  of  Suries  11,  the  values  of  v  were  about  10  to^W 
T  oeiit.  lesR  than  tbotte  indicatt^d  by  tho  ei^iuatiou.  There  cant>c  little 
[oubt  that  1!  ia  a  functiou  of  the  nittsnf  l«)ilin(r  as  well  a.s  of  the  r^uipit- ^ 
ition  of  the  liquid.  The.  problem  appears  to  be  dynamical,  not » 
juu  of  equilibrium  merul^',  and  I  h(i{H<t(>  iuvosligato  thin  i>oint  furlbM 


ANALYSES  OF  JADE. 


By  F.  W.  Clabee. 


In  the  ethnological  collections  of  the  U.  S.  National  Mnsenm  there 
are  many  objects  of  jadeite,  nephrite,  and  various  jade-like  stones. 
They  represent  a  wide  range  of  localities,  especially  as  regards 
the  North  American  specimens,  and  in  their  external  characteri8ti(*.8 
they  exhibit  great  variety  of  color,  texture,  and  quality.  Some  came 
from  regions  which  have  already  betin  well  studied,  but  others,  as  in 
the  series  of  articles  from  Alaska  and  Costa  Kica,  seemed  to  merit 
further  investigation.  At  the  earnest  desire  of  the  late  Professor 
Bainl,  their  mineralogical  description  was  undertaken  by  Mr.  G.  i\ 
Merrill  and  myself,  and  our  joint  paper,  giving  my  analyses  and  his 
microscopic  examinations,  lias  already  been  published  by  the  National 
Museum.*  The  present  communication  contains  merely  my  own  portion 
of  the  work,  as  part  of  the  year's  record  of  the  chemical  laboratory. 

In  Alaskan  specimens  of  jade  the  museum  is  particularly  rich.  Since 
the  acquisition  of  that  territory  by  the  United  States  it  has  been  visited 
by  many  official  expeditions,  and  their  assembled  collections  represent 
the  entire  coast-line  from  Point  Barrow  to  the  southernmost  extremity. 
If  we  except  the  remarkable  hammers  of  jade-like  pectolite  describe<l 
by  me  some  years  ago,^  all  of  the  Alaskan  jades  are  true  nephrites, 
nndistinguishable  in  most  particulars  from  the  nephrites  of  Siberia, 
New  Zealand,  or  the  Swiss  Lake  Dwellings.  In  general  this  nephrite 
is  coarse  in  quality;  but  occasionally  objects  are  seen  having  higli 
finish,  some  translucency,  and  great  beauty.  The  following  worked 
specimens  were  examined,  the  material  for  analysis  being  in  each  case 
carefully  sawed  oif  to  avoid  unnecessary  damage  to  the  object. 

A.  Part  of  a  small  adze,  Cape  Prince  of  Wales.    Yellowish- 

green,  mottled.    Specific  gravity  2.989. 

B.  Material  for  a  drill,  St.  Michael's.    Siskin  green,  translucent, 

uniform  in  texture.    Specific  gravity  3.006. 

C.  Small  knife,  Diomede  Island.    Blackish-green,  mottled  and 

laminated.    Specific  gravity  3.010. 

D.  Adze,  Point  Barrow.    Nearly  black  superficially,  opaque. 

Specific  gravity  2.922. 


1  Proo.  U.  S.  National  Museum,  1888.         «Bull.  U.  ft.  Qeo\o^\<i»\^\vcN«^^"^<5k,'^^\j.^, 
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Tlif  specific  gravity  ilctermin»tion«   were    made    by    Dr.  William 
Oaltock.    TIk:  Atiiilyst-iK,  by  myscilf,  were  as  followB: 


[ 


A. 

a 

C, 

D. 

knltlon 

tl.M 

I.H 

M.» 

MM 

T.BI 
Iner. 
1S.U 
ig.M 

S7.ll 
S.I5 

~».ir 

MrO 

In  eac)i  itiwe  the  ferrons  oxide  reiireseiits  tbe  total  iron.  Ferric  oiide 
wiMTiot  ill«rriminat«(l,  nor  were  alkalies  looked  for.  So  far  the  aiiiilytH 
arc  iucomptete. 

Ill  addition  to  tbe  above-nained  implements,  anotber  object  of  sap- 
)i»it!d  jade  was  examined.  It  was  a  Haker  from  Point  BaiTow,  ofu 
dull  bluiflh-creen  color,  conclioidal  fractare,  eousiderable  trauRluceocy, 
»|]d  Hpeclflo  i^rravity  2.(ir>i.  These  data,  t4)getber  with  a  partial  analysis, 
Identify  tli«  object  aet  quartz.     It  contained  97.79  per  cent,  of  silics. 

Ooncvriiiug  ttie  origin  of  tlie  Alaakan  jades  there  has  be<*n  miicb 
diecmnEiion.  Some  early  writers  ascribed  it  to  Siberian  sources,  but  of 
latn  years  evidence  bas  been  gatboretl  pointing  to  a  home  locality. 
Native  reports  indicated  a  sonrce  known  ns  the  "Jade  MoniitaiH," 
which  lies  north  of  tlie  Kowak  Itiver  abont  150  miles  above  its  tnoiitii, 
and  after  several  eflorts  the  spot  has  been  actually  visited  by  Lieut  G. 
M.  Stoney.  He  collected  sjtecimens  of  jade  in  st(H,  and  a  number  of 
Biieciniens  were  submitted  to  me  for  analysis.  Tbey  may  be  described 
as  follows : 

A.  Greeniali-gray,  splintery-lamellar  in  structure. 

B.  Like  A,  bnt  more  granular. 

0.  I'aler,  nearly  white,  closer  grainwl. 
1>.  Hrnwuish,  highly  foliated. 
All  four  were  analyzed  witli  the  subjoined  results: 


SIO, 

Al,0,  ... 
F.SO,... 

FeO 

HnO.... 

c«o 

UgO.... 


n. 

1.7K 

!.». 

.24 

zo- 

S.M 

5.79 

trac" 

i™,.,| 

21. ST 

i;-43 

\»,» 

\»..« 

CLAKKB.1 
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If  we  conuect  this  evidence  with  the  microscopic  evidence  obtained 
by  Mr.  Merrill,  it  becomes  clear  that  all  the  Alaskan  jades  are  essen- 
tially identical,  varying  among  themselves  no  more  than  specimens  com- 
monly vairy  from  a  single  locality.  This  disposes  of  the  theory  that 
their  presence  in  Alaska  is  to  be  accounted  for  npon  the  basis  of  trade 
with  Siberia;  which  theory  is  also  negatived  by  the  discovery  announced 
by  Mr.  G.  M.  Dawson  ("Science,"  April  20,  1888,  p.  186)  of  small 
uephnte  bowlders  on  the  upper  part  of  the  Lewes  Kiver,  in  British 
Columbia,  not  far  from  the  eastern  boundary  of  Alaska.  But  these 
nephrites  are  also  strikingly  like  those  firom  many  other  localities,  and 
two  of  the  latter  have  been  included  in  my  comparison.  First,  a  dark 
green  water  worn  bowlder  from  New  Zealand,  sent  to  the  Museum  by 
Sir  Julius  Haast;  and,  second,  a  small  implement  from  Bobenhausen, 
Lake  Pfaffikon,  Switzerland,  out  of  the  collection  of  Mr.  Thomas 
Wilson.  The  latter  specimen,  also  green,  had  a  specific  gravity  of 
3.015,  as  determined  by  Dr.  Hallock.    The  analyses  are  as  follows: 


Ignition 
SiO,  ... 
A1,0,... 
FeO  .... 
CaO-... 
MkO..., 


Now 
Zealand. 

.83 

Switzer- 
land. 

.63 

56.73 

56.87 

3.22 

1.50 

5.00 

6.33 

13.24 

13.45 

19.42 

21.06 

90.40 

99.84 

All  the  iron  is  here  represented  as  ferrous.  Traces  of  manganese  were 
present,  but  alkalies  were  not  sought  for. 

Of  jade  objects  trom  Mexico  the  Museum  has  a  large  and  fine  series ; 
but  nearly  all  of  the  specimens  are  from  the  one  State  of  Oaxaca.  The 
greater  number  of  them  are  true  jadeite;  but  as  jadeite  from  the  same 
region  has  been  described  by  Dainour,*  a  very  exhaustive  review  of  the 
material  did  not  seem  to  be  necessary.  No  nephrite  was  found  in  the 
Mexican  series.  Two  specimens  were  analyzed,  which  may  be  de- 
scribed as  follows.  The  specific  gravity  determinations  are  by  Dr.  Hal- 
lock. 

A.  Light-colored  bead,  mottled  with  emerald  green.    Specific 
gravity,  3.007. 
'  B.  Carved  head,  light  green,  from  Zaachita.    Specific  gravity, 
3.190. 
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Ifthe  water  (ignition)  in  A.  be  regarded  as  miilaoing  alkaJiei,! 
inirieriil  aitproxiniates  cluseiy  to  uormal  jatleite,  AINnSiiOg.  Both 
iiUiUvses  lit  in  well  with  Damour's  work. 

Witli  (Jeutral  American  Jade  objects  the  Musenm  is  well  supplied.  A 
few  only  are  from  Nioaragua  and  OaatemnlA.  Tbe  finest  are  all  Cottla 
Uican.  Here  too  jaileit«  is  the  dominant  mineral  species,  althongh  wilb 
tliu  true  jades  are  many  articles  of  softer  green  stones,  aud  occasioualljr 
an  object  of  quartz  or  chalcedony.  For  analysis,  four  speeimeus  weru 
chosen,  vi% :  two  jadeitos,  one  quartz- like  mineral,  aud  one  of  the  softer 
miuerala,  as  follows : 

A.  Polished  fragment,  green.    Eio  de  Buena  Vista,  Coeta  Bic*. 

Speoifiu  gravity,  '2.71,  Clarke. 

B.  Jadeite  fragment.     Sardinal,  Costa  Rica.     Pale  greeu.  trans- 

lucent.    Specific  gravity,  3.32,  Clarke. 

C.  Jadcite  fragment,     Culebra,  Costa  Rica. 

granular,  0|>aqiie.     Specific  gnivity,  3.1i7 

D.  iSrniiU  ornament.     La.s  Iluaca.s,  Co»ta  Uica. 

soft..     Specilic  gravity,  li.L'Sli,  ILilloek. 


Liglit  green,  v( 
',  Clarke. 

Ditrk  green,  vi 


M 


Of  these  analyses,  A  speaks  for  itself.  In  B  and  C  we  observe  a 
di/lerence  in  composition,  which  is  in  the  line  indicated  by  tbe  apiwar- 
ancc  of  tin:  speci mens  ■,  t\\v\t  ?ro\»  *Avi\\\v.\\\^TOij,V\M\Awi^'&t  aud  nearly 
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homogODeoas ;  that  from  Gulebra  beiug  coarser,  distinctly  mottled,  and 
evidently  impure.  Specimen  0  is  plainly  not  jade  in  any  sen»e.  It 
was  examined  microscopically  by  Mr.  Merrill,  who  pronounced  it  to  be 
a  highly  altered  volcanic  tuff,  containing  a  considerable  amoant  of 
bright  green  chlorite. 

Through  the  kindness  of  Mr.  Thomas  Wilson,  whose  collection  fur- 
nished the  Bobenhauseu  nephrite  already  described,  I  have  been  ena- 
bled to  examine  several  other  worked  specimens  of  minerals  which  are 
sometimes  classed,  though  loosely,  with  jade.  A  massive  ^'  saussurite" 
from  the  Saas  Valley  in  Switzerland,  out  of  the  Museum  collection, 
may  be  conveniently  included  in  this  series* 

A.  Pibrolite  implement  from  Brittany.    Specific  gravity,  3.147. 

B.  Black  stone  implement  from   Estavayer,  Lake  Neuchatel. 

Specific  gravity,  3.132. 

G.  Dark  green  ^^saussurite"  implement  from  Bobenhausen.    Spe- 
cific gravity,  3.403. 

D.  Massive  "  saussurite,"  Saas  Valley. 
The  specific  gravity  determinations  are  due  to  Dr.  Hallock. 


Ignition 

SiOj.... 

A1,0,... 

Ft»,0,... 

FoO  .... 

MuO.... 

CaO 

MgO.... 
Ni40.... 
K,0 


A. 


1.31 
34.66 


trace. 


uuuc. 
.37 


U9.58 


U. 


.«65 
45. 13 


tt3.24       lG.r>5 


tract*. 

11.02 
5.48 
3.80 

tract". 


C. 


.30 
4G.0O 
•J9. 70 
52 


13. 59  I  )   2. 
4. 20     ' 


11.77 
5.80 
3.'-:  I 

tract*. 


100.51    ■100.20 


D. 


.54 

48.20 

27.65. 

1.45 


12.95 
r..  36 
3.57 

tr.ioe. 


90.81 


Microscopically  studied  the  second  of  the  specimens  was  found  by 
Mr.  Merrill  to  be  a  mixture  of  various  minerals.  It  is  evidently  a  highly 
alti^red  ^<  basic  rock,'^  possibly  a  diorite.  The  saussurites  ueed  no 
si)ecial  discussion. 
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MINERALOQICAL  NOTES. 


1.  Petalite  from  Peru,  Maine.    By  F.  W.  Glabejs. 


In  the  well-known  spodumene  locality  at  Peru,  Maine,  petalite  has 
heen  foand  in  abundance.  The  discoverer,  Mr.  N.  11.  Perry,  of  South 
Paris,  Maine,  kindly  furnished  me  with  a  foe  suite  of  specimens,  upon 
^hich  the  following  examination  was  m^de.  The  petalite  is  intimately 
and  irregularly  intergrown  with  the  spodumene,  and  occurs  in  white, 
pearly,  cleavable  masses  much  resembling  some  varieties  of  albite.  To 
some  extent  it  is  stained  by  dendritic  manganese ;  but  in  general  the 
mineral  is  exceedingly  pure.  An  analysis  gave  the  following  results, 
the  lithia  being  determined  by  Gooch's  process : 

Ignition 1.03 

SiOi 77.29 

AliOs 16.95 

Fe^Oa trace. 

MnO trace. 

LiaO 2.62 

NaaO 2.39 

KaO trace. 

100.28 
2.  SPB8SARTITB  PROM  AMELIA    COUNTY,  VA.      By  P.  W.  ClARKE. 

This  garnet,  which  is  remarkable  for  its  very  high  percentage  of  man- 
ganese, was  analyzed  at  the  request  of  Mr.  G.  F.  Kunz,  It  occurs  in  the 
mica  mines  of  Amelia  county,  in  brilliant,  brownish-red  masses  of  consid- 
erable size.  The  specimen  analyzed  was  very  light  in  color,  although 
Bome  of  the  material  was  quite  dark.    The  analysis  was  as  follows : 

Ignition 27 

8i02 35.35 

AliOa - 20.41 

FeiOa 2.75 

FeO 1.75 

MnO 38.70 

MgO none. 

CaO 94 

100. 17 

3.  Oligoclase  from  Bakersville,  K.  O.    By  F.  W.  Clarke. 

This  mineral,  which  was  also  received  from  Mr.  Kunz,  has  been  de- 
scribed by  him  ^  and  also  by  Penfleld  and  Sperry.*    It  occurs  in  color- 

» Amer.  Journ.  Sci.  (3),  vol.  36,  p.  222.  ^  Amet.  JouIl:i.^^i\.V^^^^Q\.•^^\>.'^^• 
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less  or  nearly  colorless  fragments  of  extraonlinary  transparency.  In- 
deed, it  resembles  glass  so  nearly  that  at  first  sight  one  can  hardly 
realize  that  it  is  a  feldspar.  The  oompoaition  of  the  sample  annlj-zed 
was  as  follows: 

iBn't'O" 25 

SiO, 62,92 

AI,0, 23.32 

FnO, trwo. 

MnO Irwse,  , 

C»0 4.03 

K,0 96  I 

Ka,0 It.  18  I 

SKI.6H  ' 

4.  WiLLEMITE   FEOM  THE    TeOTTER    MINB,    FeANKLIN,    N.  J.    BT 

F.  W.  Clakke. 
Collected  by  Mr.  W.  S.  Teates,  and  at  first  thought  to  be  a  new  min- 
eral.   The  specimens  obtained  were  nearly  pure  white,  ((raualar,  and 
qnite  unlike  ordinary  wiUemite  in  appearance.    The  following  putial  j 
analysis,  however,  served  to  determine  the  species :  J 

Ignition. ............... .%  I 

SiO. 37.41  7 

HI  ZnO »»-80 

A  little  manganese  and  iron  are  present,  but  were  not  determiaetl. 

5.  Descloizitb  (t)    PBOM    Beaverhead   County,  Mont.    W.  f. 

HiLLEBBAND. 

Through  Messrs.  W.  H.  Beck  and  George  E.  Lemon,  of  Washing- 
ton, a.  C,  was  received  for  examination  a  large  lump  of  friable,  uncrys- 
tallized  material,  having  a  doll  yellow  to  pate  orange  color,  and  made 
up  mainly  of  a  vanadate,  but  carrying  a  large  percentage  of  ganpie- 
Two  samples  as  pure  as  could  be  selected  from  different  parts  of  the 
lump  were  analyzed  with  the  following  results: 


w.0.1 

CnO 

i.ifl 

FeO 

A«^ 

j2 

020 

MbO 

O.OS 
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From  I  27.62  per  cent,  of  i^^angae  insolable  in  cold  dilate  nitric  has 
been  deducted,  and  from  II  22.20  per  cent.  Mkugauese  was  present  in 
the  gangue  in  small  quantity,  apparently  as  pyrolasite,  but  it  was  ^ot 
dissolved  by  the  acid.  The  insoluble  portion  was  found  also  to  retain 
very  small  quantities  of  lead  and  zinc,  which  were  estimated  and  in- 
cluded in  the  analysis  as  probably  belonging  to  the  vanadate.  The 
water  had  to  be  estimated  indirectly  by  deducting  from  the  total  amount 
of  water  afforded  by  the  dried  mixture  of  vanadate  and  gangue  that 
belonging  to  the  latter  alone,  which  was  fihnd  as  follows:  The  mixture 
dried  at  lOO^  G.,  was  dissolved  in  cold  dilute  nitric  acid,  and  the  insol- 
able matter,  collected  in  a  Gooch  crucible,  was  dried  at  the  same  tem- 
perature, and  then  ignited.  The  loss  on  ignition  gave  the  water  in 
the  gangue,  there  being  no  ferrous  iro;i  in  the  latter  to  influence  the 
result 

Neglecting  the  traces  of  SiOa,  CaO,  and  MgO,  as  probably  derived 
from  the  gangue,  the  following  molecular  ratio  is  obtained: 

PbO 2508 

CaO 0145.      -^.p  ^^  A  (\o 

FeO 0097^   .4718  or  4.02 

ZnO 1968 

y,05 1140 

AsaOs 0014  >  .1173  or  1.00 

PaOs 0019 

HaO 2428  or  2.07 


I 


The  water  it  will  be  noticed  is  double  that  required  by  descloizite, 
B*(OH)'(VO*f,  but  in  view  of  the  liability  to  error  inherent  in  the 
method  of  water  estimation  employed,  this  is  not  deemed  sufficient 
cause  to  separate  the  mineral  from  descloizite,  although  the  close 
agreement  of  the  two  wat^r  determinations,  made  as  they  were  on 
samples  containing  different  proportions  of  gangue,  would  indicate  the 
correctness  of  the  formula  E<(OH*)(VCH)»+H»0,  which  is  that  of  des- 
cloizite with  a  molecule  of  water  of  crystallization  added. 

This,  so  far  as  known,  is  the  first  observed  occurrence  of  a  lead 
vanadate  in  Montana.  The  precise  locality  of  the  mineral  is  the  May- 
flower Mine,  in  the  Bald  Mountain  mining  district 

6.  Fbeliminabt   Bbmabks   on   Kobth  Amebioan  XJbaninites 

By  W.  F.  Hillebband. 

A  large  crystal  nearly  an  inch  in  diameter  from  Andrews's  formerly 
Hales's  quarry,  in  South  Glastonbury,  a  few  miles  northeast  of  Middle- 
town,  Conn.,  showing  octahedral,  cubical,  and  dedecahedral  faces, 
having  been  identified  as  uraninite  with  about  10  per  cent,  of  thoria, 
the  question  arose :  Was  this  thoria  an  essential  constituent  of  the 
mineral  or  was  its  presence  due  to  admixture  of  some  thorium  mineral, 
as  thorite  or  orangitef  With  a  view  to  settling  this  point  a  careful 
aaalysis  was  made  accompanied  by  a  microscopical  examination  of  a^ 
thin  section  of  the  crystal.    The  resolta  wer^  nciVi  w\i^^w;^N^^^'t^'^^«5^ 
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other  material  from  the  same  locality  waa  sought  for  and  obtained  froio 
Pi-of.  W. N.  Ritiw  ami  Mr.  K.F.Sheldon  of  Middletowu, Conn.  Analysii 
showeil  ita  chemical  identity  with  tlio  first  specimen,  and  establislied 
beyond  qiieatioQ  that  the  thoria  could  not  bo  derived  from  any  thorJmu 
silicate.  The  observation  was  made  that  unless  oertain  precautioQs 
■were  taken  the  estimation  of  00^  in  the  mineral  was  very  unsatisfac- 
tory, and  might  be  many  per  cent,  too  low.  If  a  rather  coacentra(eil 
sulphuric  acid  is  used  for  decomposing  the  mineral  in  sealed  tube?,  an 
insoluble  arauonn  isulphato^is  formed  which  often  cryetalizes  oat  ia 
beautiful  green  crystals  of  considerable  also,  which  dissolve  ver; 
slowly  when  the  contents  of  the  tnliea  are  emptied  into  cold  water  pre- 
liminary to  titration  with  potassium  permanganate.  This  detect  was 
remedied  by  nsing  a  very  dilute  acid — 1  vol.  ir»SOi  to  0  vols.  fljO— 
and  the'flnal  reaction  was  then  as  sharp  as  could  be  desire<l.  A  mm 
important  precantion  to  be  observed  is  the  manner  of  filling  the  tube* 
with  carbonic  acid  gas.  This  must  invariably  be  done  by  introilHciiig 
the  gas  from  a  generator  aud  sealing  during  its  introduction,  and  uever 
by  nsing  sodium  carbonate  in  the  tubes  themselves.  In  the  latter  caw, 
before  tlie  seal  can  be  made,  outside  air  in  greater  or  lesa  amoant  is 
certain  to  enter  and  its  oxygen  is  sufficient  to  lower  the  percentage  of 
XJO2  found  by  several  per  cent.,  as  repeatedly  ascertained  by  actual  ex- 
perience. 

The  results  thas  obtained  after  employing  every  possible  precaatioo 
to  gnanl  against  oxidation  of  UOg  or  reduction  of  ITU3  during  the  pro- 
cess of  decomposing  the  mineral  aud  subsequent  titration  were  perplei- 
iug  to  the  last  degree  in  view  of  the  results  arrived  at  by  Comstock' 
and  BlomstraiKP  independently  of  each  other,  which  appeared  to  prove 
detinitely  that  all  varieties  of  uraninito  could  be  considered  as  ortbou- 
ranatesof  uranium  and  lea^t,  in  which  thorium  and  other  metals  of  liie 
earths  might  replace  basic  uranium.  The  Glastonbury  urantnite  coqM 
by  no  possibility  be  referred  to  an  orthouranate,  but  was  a  decideiHy 
basic  salt. 

In  extension  of  the  investigation  uraninite  from  Black  Hawk,  Colo., 
from  Sorth  Carolina  and  from  Branchville,  Oonn.,  was  analyzed.  The 
Xorth  Carolina  material  was  so  evidently  in  process  of  alteration,  be- 
ing seamed  in  every  direction  by  very  minute  cracks  filled  with  yellow 
decomposition  products,  that  its  analysis  conld  give  no  clue  totherela- 
tivo  proportions  of  the  two  oxides  of  uranium  in  the  original  fresh  sub- 
stance, Init  the  presence  of  nearly  4  percent,  of  rare  earths — mainly 
thoria — was  ascertained.  The  Branchville  material  was  kindly  gi"" 
by  Professors  Brush  and  Dana,  of  Xew  Haven,  being  the  remainder  of 
the  stock  from  which  the  material  for  Comstock's  analysis  was  taken. 
Its  re-exajuiuation  was  nu<lertaken  with  the  view  of  ascertaining  whether 
thoria  had  not  been  overlooked,  as  would  almost  certainly  be  the  case 
had  ammonium  oxalat"?  instead  of  oxalic  acid  been  employed  as  a  test 
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for  the  rare  earth;*.  This  proved  to  be  the  fact,  there  being  nearly  7 
percent,  of  thoria  present  in  the  mineral,  which  had  undoubtedly  been 
included  in  the  UO3  of  Corastock's  analysis.  This  alone  would  utterly 
iuvalidate  the  formula  assigned  by  him,  but  in  addition  the  UO2  was 
found  uniformly  higher  by  many  i)er  cent,  than  his  analysis  showed.  In 
different  samples  selected  from  the  material  at  my  disposal,  however, 
the  percentage  was  not  the  same,  but  differed  by  several  units,  and  the 
density  rose  always  with  the  percentage  of  Cr02.  The  Colorado  mineral, 
which  unlike  that  from  Connecticut  and  North  Carolina  does  not  occur 
crystallized,  is  likewise  not  referable  to  an  orthouranate,  being  as  basic 
as  that  from  Glastonbury,  Conn.  It  is  remarkable  for  the  low  percent- 
age of  lead— less  than  1  per  cent,  of  oxide — and  for  the  absence  of  any 
other  qualitatively  similar  element,  as  well  as  for  the  presence  of  about 
7  percent,  of  zirconia  ;  thoria  being  entirely  wanting. 

The  question  of  the  composition  of  this  interesting  mineral,  which 
seemed  so  satisfactorily  settled  by  the  researches  of  Comstock  and 
Biomstrand  above  referred  to,  must  hence  be  considered  as  again 
opened  for  discussion.  My  own  analyses  and  experiments  are  as  yet 
too  indecisive  to  admit  of  forming  any  conclusions  entitled  to  weight 
as  to  the  probable  constitution  of  the  mineral,  but  as  opportunity  offers 
they  will  be  prosecuted,  and  extended  to  material  from  any  other  local- 
ities in  this  country  or  abroad  that  may  become  available,  and  will  be 
published  in  detail  at  some  future  time. 

Trifling  amounts  of  rare  earths  other  than  thoria  were  found  in  the 
Glastonbury  and  Colorado  specimens  as  well  as  in  those  from  North 
Carolina. 

7.  DUMOBTIEBITE    FROM    NeW    YOBK    AND    ARIZONA.     By    J.     ED- 
WARD Whitfield. 

In  the  November  (1887)  number  of  the  American  Journal  of  Science 
Dr.  B.  B.  Biggs  published  some  observations,  including  a  chemical 
analysis,  on  a  mineral  found  at  Harlem,  N.  Y.,  and  generally  supposed 
to  be  indicolite.  The  notice  led  to  correspondence  between  Mr.  J.  S. 
Diller  and  Prof.  £.  S.  Dana,  the  latter  identifying  it  as  dumortierite. 

The  composition,  as  determined  by  Dr.  Biggs,  conformed  to  no  known 
mineral,  and  he  was  justified  in  provisionally  calling  it  a  new  boro-sili- 
cate,  but  on  further  examination  by  Mr.  Diller  of  a  somewhat  larger 
amount  of  material  it  was  found  that  the  mineral  was  associated  with 
tourmaline,  which  no  doubt  accounts  for  the  results  of  the  analysis. 

It  was  decided  to  analyze  another  portion  which  was  known  to  be 
purer  than  that  examined  by  Dr.  Biggs.  This  was  done,  and  the  fol- 
lowing figures  are  the  results  obtained :  Si02  31.44  per  cent.;  AI2O3  68.91 
per  cent.,  with  the  smallest  trace  of  boric  acid.  Their  quantities  com- 
pare fairly  well  with  the  theoretical  amounts  necessary  to  satisfy  M. 
Damour's  formula  AlsSiaOis  for  dumortierite. 

At  about  the  time  this  work  was  being  flioii^  o\i  \Xi^  ^s^,-^  ^^'^>8. 
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nineral,  a  small  piece  of  rouk  from  Clii),  Arizoua,  was  seut  tn  the  Nn- 
:ional  Museum  for  idetiUfication.  Prof.  F.  W.  Clarke  recognized  it  h8 a 
specimen  of  dumortierite  accompanying  <]uartz,  and  it  was  subjected 
'Ji  analysis  to  confirm  bis  opinion.  FoUowing  are  the  resulls  of  tlie 
ssamination  : 

Pfr  MOI. 

SiOj ai.M 

AljO, 63. 6G 

CaO uone. 

MgO  aa 

Kft,0 37 

KjO II 

BiO, 2.02 

Ignition 1.3* 

100.  M 

'  These  figures  show  that  the  mineral  was  rather  impure,  and  it  waa 
bought  advisable  to  obtain,  if  possible,  more  of  the  mintiral,  and  ea- 
leavor  to  separate  it  as  far  as  possible  from  the  accomi>anyiDg  rock. 
drs.  C.  A.  Bidwell,  the  sender  of  the  first  specimen,  kindly  furnislied 
|uite  au  amount  of  much  better  material,  iu  wliich  the  only  mineral 
issociated  with  the  diimortierite  was  quartz. 

As  dumortierite  is  not  actetl  upon  by  hydrofluoric  acid,  the  rock  vas 
crushed  to  small  particles  and  digested  in  this  acid  for  a  length  of  timo 
lufficient  to  remove  most  of  the  quartz.  The  mass  was  then  waebed 
^ith  water,  dried,  and  any  quartz  that  might  remain  was  aeparal^Nl 
by  Tboulet's  solution.  After  thorough  washing,  tho  material  wns  esam 
ined  with  the  aid  of  the  microscope  and  found  to  be  free  from  gaugne. 
After  being  ground  exceedingly  fine  and  dried  at  1(14°  0.  for  about 
three  hours,  the  material  was  analyzed  with  the  following  results ; 

Plt  «nt. 

SiO; 27.99 

AliO, 64.49 

PjO 20 

CaO Done. 

MgO trace. 

B,Oi 4.95 

H,0 1.7d 

These  figures  show  less  impurity  than  the  first  specimen  analyzed; 
but  if  dumortierite  is  a  simple  silicate  of  alumina  as  stated,  b,v  JI. 
Damour '  these  results  either  do  not  uphold  his  conclusions  or  they  «boi^ 
the  material  to  be  a  mixture  of  dumortierite  and  some  other  compouud. 

If  we  asaime  the  formula  of  H.  Diimour  to  be  correct  and  estimate 
all  the  Sit^  iu  the  analysis  as  belonging  to  the  formula  AlaSijOja.  then 
there  will  be  left  unaccounted  for  a  small  amount  of  AljO,,  HjO  and 

I  Bull.  delaSocMia.  ieYtaTiiftjNoX.^.-^.li, 
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B3O31  and  these  are  present  in  the  proportiotis  represented  by  the  for- 
mala  A1B30692H30.  If  this  mode  of  iDterpr6tation  be  correct,  then  the 
mineral  from  Arizona  corresponds  approximately  to  4he  formula, 

SAlsSisOis, 
AIB3O6.2H3O, 

which  requires  AI3O3  65.2  per  cent.,  SiOs  27.6  per  cent.;  B3O3  5.4  per 
cent.;  H3O  1.8  per  cent.;  agreeing  quite  closely  with  the  actnal  analysis. 
A  berate  of  alumina  corresponding  to  the  above  formula  is,  we  believe, 
not  actually  known,  and  concerning  its  properties  nothing  can  be  predi- 
cated. If  it  exists,  it  is  certainly  remarkable  that  it  should  withstand 
the  treatment  with  hydrofluoric  acid  which  the  Dumortierite  received 
during  the  process  of  purification. 

We  are  deeply  indebted  to  Mrs.  0.  A.  Bid  well  for  the  supply  of  mate- 
rial for  investigation,  which  at  the  cost  of  much  personal  labor  she  so 
liberally  furnished. 

t 

8.  Xanthitane  from  North  Carolina.    By  L.  G.  Eakins. 

Through  the  kindness  of  Mr.  William  Earl  Hidden  some  fine  speci- 
mens of  xanthitane  were  obtained,  the  material  coming  from  Green 
Eiver,  Henderson  county,  N.  0.  It  was  first  described  by  0.  U.  Shepard 
in  the  American  Journal  of  Science,  1856,  vol.  22,  p.  96. 

The  material  I  examined  is  evidently  an  alteration  product  of  sphene, 
following  the  form  very  closely.  It  is  light  yellow,  friable,  and  mixed 
with  impurities  which  can  not  be  removed,  preventing  the  determina- 
tion of  whether  or  not  it  is  a  definite  mineral ;  but  it  is  interesting  from 
the  fact  that  it  apparently  represents  a  clay  with  the  silica  replaced  by 
titanic  oxide. 

Specific  gravity  2.941  at  24P.  The  airdried  material  loses  6.02  per 
cent,  of  water  at  100^.  The  following  analysis  is  on  material  dried  at 
1000 : 

SiOa 1.76 

TiOs 61.54 

AlaOs 17.59 

FejOa 4.46 

CaO 0.90 

MgO trace. 

P«06...-, 4.17 

HaO 9.92 

100.34 

9.  Teiplite  from  the  Black  Hills,  Dakota.    By  L.  G.  Eakins. 

The  material  for  this  analysis  was  taken  from  a  large  specimen  of 
several  pounds  weight,  ^n  the  collection  of  the  National  Museum.  It 
comes  from  a  tin  mine  near  Rapid  City^  S.  Dak.    l\i  t^^Wfe^  V^^-^^^^i^ 
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reiircseiits  a  mixture,  but  in  general  appearance  it  soeiiis  to  be  fitiiij' 
homogeneous,  aud  in  com|>ositiou  it  appioacbes  closely  to  triplite. 

It  is  browu  iu  color,  varying  from  ligUt  to  dark,  and  translacent  in 
bin  pieces.    In  getting  maturinl  for  analysis  any  risible  imparity  vas 
carefully  picked  out. 
_|pie  coupoHitiou  is  ae  foUowa: 

Ai,0,  .. 

<" 

3.G7 

CO,.... 

LcmO- 

lUCM 

ilil.SD 

10.  Kaolin  from  the  Waterfall  Mine,  Gtinnison  County,  Colo. 
By  L.  G.  Eakins. 

This  mineral  occurs  in  a  large  mass,  filling  a  cavern  which  has  been 
opened  for  mining  purposes  in  Bedwell  Basin,  Guuuisou  county,  Colo. 
It  is  especially  interesting  on  account  of  being  the  containing  mass  of 
aggregates  of  galena  and  pyrite  crystals  which  are  scattered  irregularly 
through  it. 

It  is  very  fine  and  white,  and  on  slightly  rubbing  up  with  water  the 
material  as  it  comes  from  the  mine  it  can  easily  be  floated  off  in  a  pare 
coudition. 

The  analysis  is  as  follows : 


CaO  .. 
MgO.. 


JtTT.J 
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11.  Native  Gold  from  Persia.    By  Charles  Catlett. 

?lie  sample  of  gold,  iQclosing  quartz,  was  submitted  for  assay  through 
State  Department  by  the  American  minister  to  Persia,  and  was 
property  of  the  Persian  Government.    The  specimen  was  of  unus- 

interest  as  coming  from  a  region  so  little  known  mineralogically. 

3  native  gold,  which  was  of  very  light  color,  was  analyzed  with  the 

owing  results: 

An 93.24 

Ag G.  63 

Fe 11 

Cu uouo. 

100.00 


PYRO»iNE    AND     SERPENTINE     FROM    MONTVILLE,     N.»  J.      By 

Charles  Catlett.  ' 

« 

'he  series  in  question  was  collected  by  Mr.  G.  P.  Merrill,  of  the  National 
seum,  and  submitted  to  this  laboratory  for  analysis.  It  consisted  of 
ark  gray,  and  a  white  pyroxene  (A  and  B),  and  a  dark  and  a  light 
jentine  (C  and  D),  resulting  from  their  respective  alteration.  An 
ration  product  (E)  closely  related  to  the  others  was  analyzed  at  the 
le  time. 


SiOa.... 

Ignition 

CaO  .... 

CaCO|.. 

MgO.... 

MgCO,.. 

AljO,... 

Fe,Oa... 

FeO  .... 

MnO.... 

SO, 

K,0 

Na,0.... 


A. 


61.45 

1.08 

24.02 


18.43 


2.94 

1.06 

.96 

trace. 

trace. 

nmlet. 

undet. 


B. 


4&17 

M2 

21.96 

10.44 

17.61 

.71 

.62 

.18 

.24 


99.94 


trace, 
nodet. 
undet. 


C. 


40.23 
14.24 
trace. 


39.46 


2.18 

4.02 

trace. 


undet. 
undet. 


D. 


E. 


42.88 
14.12 


42.14 


.07 
.97 
.17 


undet. 
undet. 


99.95     100.13       99.83 


4.32 
*1.26 


87.75 
4.07 
1.67 

.10 


.13 
.12 
.28 


99.70 


H,0. 


•■ 


THE   SUBSIDENCE  OP  PINE  SOLID  PARTICLES  IN  LIQUIDS. 

[Second  Paper.] 


B3'  Oabl  Babus. 


(1)  In  my  earlier  work  I  endeavored  to  analyze  the  phenomenon  of 
^imentation  into  parts  sach  that  the  conditions  under  which  sabsid- 
Qce  is  to  be  explained  from  a  chemical,  or  from  a  physical  point  of 
iew,  may  be  better  discernible.^  To  do  this  I.first  considered  the  qnes- 
on  in  its  purely  mechanical  aspects.^  If  P  is  the  resistance  encount- 
"ed  by  a  solid  spherule  of  radius  r,  moving  through  a  viscous  liquid 
:;  a  rate  a?,  and  if  k  be  the  frictional  coefficient,  then  P=67rJcrx.  Again, 
16  effective  part  of  the  weight  of  the  particle  is  P'=i7tr^  {p — f/)  </,  where 
is  the  acceleration  of  gravity  and  p  and  p'  the  density  of  the  solid 
article  and  the  liquid,  respectively.  In  case  of  steady  motion  P=P'. 
ence 

x=^r^{f>-p')9 .     (1) 

In  any  given  case  of  thoroughly  triturated  material,  the  particles 
kry  in  size  from  a  very  small  to  a  relatively  large  value;  but  by  far 
.6  greater  number  approach  a  certain  mean  figure  and  dimension.  An 
:ample  of  this  condition  of  things  may  be  formulated.  To  avoid 
athematical  entanglement  I  will  select 

y=»  ax^l^e-^ (2) 

here  y  is  the  probable  occurrence  of  the  rate  of  subsidence  x.  If 
>w  the  turbidity  of  the  liquid  (avoiding  optical  considerations)  be 

>  The  present  article,  being  a  continuation  of  Bnll.  U.  S.  G.  S.,  No.  36, 1886,  is  largely 
ised  on  the  experimental  evidence  there  tabulated.  Mr.  William  Dnrham  (Chem. 
3W8y  vol.  30, 1874,  p.  57 ;  id.,  vol.  37,  1878,  p.  47)  was  the  first  to  give  an  incentive 
this  class  of  experiments.  Much  of  our  knowledge  of  the  effect  of  precipitants  is 
le  to  him.  Moreover,  the  theoretical  views  at  which  he  ultimately  arrives  may  be 
garded  as  a  definite  point  of  departure.  In  this  country,  ^rof.  T.  S.  Hunt  (Proc. 
Mton  Soc.  Nat.  Hist.,  Feb.,  1874),  Prof.  W.  H.  Brewer  (National  Acad.  8c.  1883; 
merican  Joum.  Sci.,  series  3,  vol.  29, 1885,  p.  1),  and  Prof.  C.  R.  Stuntz  (Cincinnati 
>c.  Nat.  Hist.,  Feb.,  1886),  have  occupied  themselves  with  similar  work.  Professor 
;nntz's  paper  contains  further  references  among  others  to  Waldie's  results  (Journal 
siatic  Soc,  Bengal,  1873;  Chem.  News,  1873).  Meanwhile  Mr.  William  Hallock  has 
ade  experiments  on  the  subsidence  of  lamp-black  in  connection  with  his  work  on  the 
ansity  of  that  substance.  (Cf.  Bull.  U.  S.  G.  S.,  No.  42, 1887,  p.  132  )  I  may  add  that 
y  own  experiments  were  suggested  by  Professor  Brewer's  memoir. 
2Cf.  Kirchhoff;  Matheraatische  Physik,  lecture  26,  $  4,  1876. 
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tletineil  aa  tlie  m»ss  of  solid  material  per  aait  of  volume  of  lli^aid,  tben 
tli«  degree  of  turbidity  wbicb  tlio  givoii  yiz  particles  add  tfl  the  li(]uid 
is,  Ciiet.  [lar,,  proportioiial  to  r^ylx,  where  r  is  the  mean  nuliiis.  Henoe 
tbk  turbidity  T,  at  the  oataet  of  the  experiment  (itnmedifttelf  aitet 
shaking),  in 


"/'V- 


=  z« 


where  eqnatioaa  (1)  and  {'i)  have  been  incorporated. 

If  tb«  plane  at  a  deptli.  il,  below  the  surface  ba  regarded,  then  at  ft   1 
time,  t,  aftfir  shaking,  the  residual  turbidity  there  ia 


T=r.j'Vv4r=T,(^i-4!  (^+'!;) )  • 


(') 


This  equation  describes  the  observed  occurrences  fairly  well.  In  pro- 
]K>rtiou  as  the  time  of  subsidence  is  greater,  the  tube  shows  opacity  at 
the  bottom,  shading  off  gradually  upward,  through  traoslaceucy,  into 
clearness  at  the  top.  If,  instead  of  equation  (2),  there  be  iutrodnced 
the  couditiou  of  a.  more  abrupt  mast  mum;  if,  in  other  words,  the  partlules 
be  very  nearly  of  the  same  mzc,  then  Subsiduuct:  most  tuke  plauc  in 
unbroken  column,  cap|iL>d  by  a  plane  surface  which  at  the  time  ten 
coincided  with  the  free  surface  of  the  liquid.  Aguiu,  uupitose  oac-lialf 
of  the  particles  of  thia  column  difler  iu  some  way  uniformly  from  llrt 
other  half.  Then  at  the  outset  there  are  two  contiauoua  columns  coio- 
cidiiig,  or,  as  it  wltp,  intorperietratiiig  throughout  their  extfiit.  Rut  t lie 
rate  of  subsidence  of  these  two  columns  is  uecessarily  different,  since 
the  particles,  each  for  each,  difi'er  in  density,  radius,  aud  frictional 
qualities  by  given  flsed  amouuts.  Hence  the  two  surfaces  of  demark* 
tiou,  which  at  the  time  zero  coincided  with  the  free  surface.  In  general, 
if  there  be  n  groups  of  particles  uniformly  distributed,  then  at  the  tune 
zero  n  coutiuuons  columus  interpenetrate  and  coincide  thronghoat  theif 
extent.  At  the  time  (,  the  free  surface  will  be  represented  by  n  con- 
secutive surfaces  of  demarkation,  below  it,  each  of  which  caps  a  colnmn, 
the  particles  of  which  form  a  distinct  group.  This  phenomenoQ  ia 
Professor  Brewer's  stratified  subsidence.  In  the  case  of  particles 
which  have  undergone  an  earlier  fractionated  sedimentation,  either  in 
nature  or  in  the  arts,  the  occurrence  of  groups  possessing  the  distinct- 
ive characteristics  here  discussed  is  not  improbable.  On  the  other 
hanil,  when  during  subsidence  the  surfaces  of  demarlcation  follow  each 
other  iu  regular  succession,  one  is  tempted  to  look  for  something  more 
than  ail  adventitious  cause  for  the  phenorueuon.  An  orderly  arraii^ 
ment  of  groups  of  particles,  might  for  instance,  indicate  successi^ 
stages  of  hydration.  (Of.  §  tj.)  In  case  of  stratified  subsidence  it  is  con- 
venient to  speak  of  orders  of  surfaces,  numbering  them  from  the  top 
downward.  It  is  not  uucommon  to  observe  sevea  or  even  ten  consecn- 
tive  ortiers. 
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(2)  With  these  deductions  as  a  point  of  departare,  I  then  attempted 
t»  find  relations  between  rates  q(  subsidence,  the  viscous  aud  capillary 
properties  of  the  liquid,  and  its  electrical  behavior  under  analogous 
conditions  of  conbent  ration  and  of  temperature.  This  general  survey 
proved  that  the  phenomenon  of  sedimentation  is  unique;  that  the  fric- 
clonal  resistances  encountered  by  the  particles  are  apparently  different 
from  the  viscosities  of  the  liquids  in  which  subsidence  takes  place ;  that 
nany  of  the  occurrences  observed  are  closely  allied  to  the  electrolytic 
md  the  capillary  properties  of  this  liquid.  Finally,  utilizing  Professor 
Brewer^s  stratified  subsidence,  which  I  obtained  very  clearly  with 
certain  kinds  of  tripoli,  I  commenced  a  series  of  more  rigorously 
:;[uantitative  measurements,  showing  that,  caet.  par.,  rate  of  subsidence 
s  primarily  dependent  on  the  turbidity  of  the  mixture. 

In  my  experiments  with  tripoli,  the  observed  rates  of  subsidence 
!^"/  (sec  X 10"))  in  ether,  alcohol,  water,  glycerine,  were  7500, 1300,  3,  0.9, 
respectively;  but, owing  to  the  difference  in  character  of  the  divers 
precipitates,  these  figures  have  no  further  signification  than  to  empha- 
size the  said  difference  in  character.  (Of.  §§  5, 6.)  Let  water  and  ether 
t)e  mixed  so  that  there  shall  be  equal  bulks  of  etherized  water  below  and 
aqueous  ether  above,  and  then  let  the  dust  (bole)  be  added.  If  now 
the  mixture  is  violently  shaken  and  then  allowed  to  subside,  the  ether 
Is  washed  clean  of  particles  in  a  few  minutes,  whereas  the  sediments 
remain  suspended  in  the  water  for  weeks  and  even  months.  Here, 
bowever,  the  separation  and  subsidence  are  promoted  by  the  surface 
energy  of  water.  On  the  other  hand,  if  dry  tripoli  be  added  to  ether  dried 
over  OaOla,  in  a  test  tube,  and  if  the  tube  be  held  obliquely  after  shak- 
ing, subsidence  is  so  rapid  that  the  upward  current  of  ether  along  the 
dPper  line  of  the  tube  is  almost  tempestuous. 

The  close  relation  of  the  present  phenomena  to  electrolytic  phenom- 
ena appears  at  once  by  observing  that  so  little  as  a  single  molecule  of 
HOI  (for  instance)  added  to  10,000  or  even  to  50,000  molecules  of  H2O, 
produces  appreciable  increase  of  the  rate  of  subsidence.  Remembering 
that  the  arrangement  is  in  three  dimensions,  and  supposing  the  mole- 
cule HOI  as  large  as  the  molecule^  H2O,  the  effect  of  the  molecule 
HOI  must  be  appreciated  at  a  distance  of  at  least  30  times  its  own  radius, 
and  extend  much  beyond  this  asymptotically.  Quincke's  radius  of  ca- 
pillary attraction,  .000005*^™,  being  about  100  times  the  molecular  radius 
H*0,  it  appears  that  the  striking  effect  of  the  molecule  IICl  in  accel- 
erating subsidence  is  not  an  abnormal  occurrence,  at  least  when  consid- 
ered physically.    Other  points  of  view  are  given  in  the  Bulletin. 

(3)  To  account  for  these  phenomena  as  a  whole,  Mr.  Durham  in  his 
second  paper  (1.  c.)  proposes  a  hypothesis  in  virtue  of  which  the  scope 
of  the  action  of  affinity  is  enlarged,  and  suspension  regarded  as  the 
lower  limit  of  solution.    This  view  is  fast  gaining  ground ;  nevertheless, 

I  The  estimated  diameter  of  HaO,  distance  between  centers  of  adjacent  molecules 
-«40/i09cm.    Kohlrausch.    Wied.  Ann.,  vol.  6,  1819,  v>.  ^0^. 
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[1* 
withoat  concise  experimental  reference  U*  the  density  and  siw  of  tl« 
solid  particles,  and  the  vigcosity  of  the  liriuid,  Mr.  Dnrliam's  esplant 
tiun  contains  uo  sufficient  reason  for  the  observed  suspension,  nor  foi 
changes  of  rate  uf  subsidence.     Prof.  Brewer's  ingenious  hypothesis  ol 
colloidal  hydrates,  so  couat'tnted  that  the  particles  may  ultimately  swell 
np  am)  float,  something  like  gelatinous  silica,  or  even  like  starch  grains, 
is  more  direct ;  and  before  further  reasons  of  the  cause  of  susiwnsion 
are  sought,  the  validity  of  this  iufereucu  must  be  tested.     This  test  is 
feasible,  I  think.     If  the  phenomenal  ditTereneo  of  rate  with  whicli  tk 
flame  particles  subside  in  water  and  in  ether  is  due  to  volume  chaogoi 
>    of  the  particles,  theu  a  marked  difference  in  the  density  of  the  sedimuDt 
I    {clay  or  tripoli)  iti  water  and  in  ether,  respectively,  must  be  experiment. 
r  ally  demonstrable.     Cf.  Equation  (I).    I  made  these  experiments  with 
both  solids,  using  two  nearly  identical  density  flasks,  one  for  wat«r  anij 
I    the  other  for  ether,  in  the  usual  way.    The  powders  were  sampled  aoi! 
<    dried  at  200°  in  an  air  hath,  for  half  a  day,  transferrecl  to  the  pyeno- 
'    meters,  dried  and  weighed  when  cold.    They  were  then  left  in  a  deak- 
cator  for  18  hours  and  agaiu  weighed;   and  finally  dried  in  vacuo, 
j    and  weighed.    The  results  throughout  were  satisfactorily  constant.    By 
;    aid  of  an  apparatus  sjKwially  devised  for  the  purpose,  the   two  flasks 
I    were  once  more  thoroughly  exhausted  {mercury  air-pump),  and  tlien 
i  filled  with  water  and  with  ether,  respectively,  in  vacuo,  over  sulplinrif 
I  acid.     In  both  cases  (experiments   made  coosecatively)  the  vacnaiu 
h  ebullition  was  kept  up  for  some  time  to  give  full  assurance  of  the  expul- 
sion of  air,  (■(<■.    TIk'  density  of  the  ether  hiwi  been  previously  determiiitii 
by  the  same  flasks,  once  for  each  experiment. 
I  thus  obtained  for  tripoli 

In  water,  density =iJ„= 2.672, 
lu  ether,  density = J. =2.697. 
Again  I  obtained  for  white  bole 

In  water,  J,=2.639, 
In  ether,  ^,=2.663. 
The  manipnlatiou  being  somewhat  difflcalt,  the  observed  dtSerencea 
of  J.  and  ^c  are  no  larger  than  the  many  sources  of  error  led  me  to 
anticipate,  particularly  in  view  of  the  fact  that  the  two  samples,  for 
ether  and  for  water,  may  not  have  been  absolutely  identical.  The  cod- 
ceutrated  ether  used  was  the  same  commercial  reagent  with  whicb  I 
obtained  the  subsidence  phenomena.  In  consequence  of  the  high  bat 
normal  values  of  both  J^  and  J„  I  saw  no  need  of  specially  purifying 
it,  I  add  finally  that  after  calcination  the  dry  tripoli  lost  1.2  pel 
cent,  in  weight,  and  the  dry  bole  about  1 1. i  percent.  In  both  cases  tbij 
is  probably  water  of  constitution,  the  elimiuationof  which  was  of  coorsc 
not  permissible.  It  is  well  to  note  that  in  spite  of  diCfereuces  of  chem 
ical  composition,  bole  particles  are  about  equally  well  suspended  befort 
and  after  calcination,  and  the  phenomena  with  ether  dried  over  CaCl 
are  identical  with  the  above. 
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(4:)  These  results  show  that  the  densities  in  the  two  cases  (sediment 
in  water  and  in  ether  respectively)  are  not  essentially  different.  More- 
over, the  deiilsity  of  tripoli  is  so  near  that  of  quartz,  and  the  density 
of  bole  so  near  that  of  kaolinite,  as  to  leave  the  hydration  hypothesis 
very  seriously  in  the  lurch,  so  far  as  favorable  evidence  is  concerned. 
It  is  improbable  that  the  addition  of  water  to  the  dry  powder  is  accom- 
panied by  sufficiently  marked  volume  changes ;  it  is  certain  that  the 
enormous  variation  of  rates  of  subsidence  actually  observed,  when  the 
particles  descend  in  water,  in  solutions,  and  in  ether,  must  be  referred 
to  some  general  cause  apart  from  the  density  of  the  particles  and  the 
viscosity  of  th^  liquids. 

(5)  This  premised,  the  explanation  of  sedimentation  may,  I  think,  be 
satisfactorily  based  on  the  following  principle :  If  particles  of  a  com- 
minuted solid  are  shaken  up  in  a  liquid,  the  distribution  of  parts  after 
shaking  will  take  place  in  such  a  way  that  the  potential  energy  of  the 
system  of  solid  particles  and  liquid,  at  every  stage  of  subsidence,  is  the 
minimum  compatible  with  the  given  conditions.  In  the  case  of  solid 
particles  and  pure  water  the  configuration  answering  these  conditions 
IB  schematically 

Particle,  water. . . . particle,  water. 

In  the  case  of  solid  particles  and  ether,  or  of  solid  particles  and  solu- 
tions, this  configuration  is  schematically 

Particle,  particle ether,  ether. 

For  the  truth  of  this  inference,  my  paper  contains  abundant  experi. 
mental  evidence.  The  principle  asserts  that  in  case  of  water  the  sedi- 
ment is  graded  and  the  suspended  material  granular,  whereas  in  ether 
the  sediment  is  apparently  homogeneous,  as  I  found ;  that  the  bulk  of 
sediment  is  necessarily  less  in  water  than  in  ether,  being  compact  in  the' 
first  instance  and  of  a  microscopically  arched  or  castellated  internal 
structure,  in  the  second  instance,  as  I  found ;  that  the  effect  of  a  pre- 
cipitant is  particularly  marked  when  the  mixture  is  densely  turbid  with 
relatively  coarse  particles,  as  I  found ;  that,  finally,  the  phenomenon  of 
sedimentation  must  be  of  a  distinct  and  special  kind,  and  by  no  means 
the  immediate  converse  of  capillary  viscous  transpiration.  The  infer- 
ences are  thus  based  on  equation  (1)  above,  and  follow  at  once  when  Ic  and 
p  are  constant.  In  the  Bulletin  I  computed  the  relative  size  (radii)  of 
the  particles  of  tripoli  subsiding  in  water,  alcohol,  ether,  to  be  1, 19, 
and  24,  respectively.^    It  is  exceedingly  curious  to  note  in  case  of  water, 

1  This  is  the  first  hypothesis  developed  in  detail  in  Ball.  U.  S.  Oeol.  Survey, 
No.  36,  pp.  34,  35,  37.  In  a  recalcalation  since  made  with  more  acoarate  valae  of  A; 
(water  Oo  to  lOQo,  Slotte's  data,  in  Wied.  Ann.  vol.  20,  1883,  p.  262 ;  ethyl  and 
methyl  alcohol,  Graham's  data  in  Phil.  Mag.  (4),  vol.  24, 1861,  p.  238 ;  ether  datum 
from  Landolt  and  Boernstein's  tables,  p.  153 ;  glycerine  i7=10.0g  cm.  ^  sec.  ^,  estimated 
roughly),  the  radii  of  the  particles  in  water,  ethyl  alcohol,  methyl  alcohol,  ether 
and  glycerine  are  found  to  be  r=0.000009««»,  0.00019«n,  0.00018«n,  0.00020«°  and 
0.000p5c«,  respectively.  In  case  of  bole  suspended  in  water  at  15»  wA  ^\.  ^S!Rf*^'CM^ 
radii*  were  approximately  <0.00001(Km  and>  O.WW5»^,  t««^W5X:v^^^     'SbwJeL^'^^ 
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(leopitfl  thp  pb en omeimlly  large  (surface  energy  of  the  liqaiil,  thesabsid- 
eiic©  taken  place  in  snch  a  way  that  for  a  given  mass  of  aaapeuded  wiii- 
iiieiit  the  surfaces  of  seharatioii  are  a  mn^imnui.  On  the  other  hand, 
in  casoofsiibHidouco  in  ether,  or  in  ealt  solotioos,  tlie  Bolid  particles 
buhave  much  like  tho  uapillary  epberules  of  a  heavy  liquid  shaken  np 
in  a  lighter  liquid  with  which  it  does  not  mix.  In  other  words,  Ihi 
tendency  in  to  re<luce  surfuces  of  separation  to  the  least  possible  rnlue, 
largo  parlicloa  growing  in  mass  and  bulk  uiechauically,  at  the  exp^uaa 
uf  tho  smaller  particles.  Finally  it  is  clear  that  the  condition  of  strati- 
flod  sediniontatioD  is  very  slow  subsidenco  of  a  granular  precipitate. 

(«)  The  esperimentii!  evidence  adduced  bears  directly  on  the  size  of 
the  particles  of  any  precipitate.  A  given  mass  of  small  solid  particlM 
presupiKwed,  tho  observations  of  the  foregoing  psrag^rapbs  make  It 
probable  that  tho  potential  energy  of  the  system  of  solid  particles  and 
lii|ui<l  Increases  with  the  radius  of  the  particle.  These  observatiou 
nI»o  show  that  the  potential  energy  of  the  system  of  solid  particlei 
aloQo  (luci^^iises  as  the  size  of  the  particles  Increases,  a  state  of  ttiiDgs 
due  both  to  the  immediate  aotiou  between  solid  particles  and  probably 
also  to  tho  surface  energy  of  the  liquid  in  which  snspeuaion  takes  place. 
Under  theue  conllictiug  conditions  it  is  probable  that  there  is  a  critical 
shell  within  which  the  energy  solid-liquid  decreases  less  rapfdly  Ibaa  I 
tho  energy  solid-solid ;  and  beyond  which  shell  the  energy  solid  liqald 
increases  more  rapidly  than  the  energy  solid-solid.  This  critical  sbell 
being  compatible  with  tho  conditions  of  miuimnm  potential  energy  of 
thesubsidingsystem,  asa  whole,  is  Ihesizeof  thepre(;ii>it;ited  particle; 
for  any  change  of  the  radius  of  a  particle  bounded  by  the  critical  shell, 
implies  an  expenditure  of  work,  which  under  the  usual  couditioDS  of 
snbsideuco  is  not  available. 

(7)  I  have  linally  to  endeavor  to  assign  soni^  value  to  the  radias  of 
the  critical  shell  for  the  case  of  tho  above  water  suspcusions.  In  tny 
experiments  with  tripoli,rate8of  subsideuce,  a:  in  cm/ (sec  xlU*),  varied 
from  x=l  to  j-=20,  according  as  higher  orders  of  surfaces  or  turbidi- 
ties of  lower  degree  were  chosen.  Taking  tho  more  usual  value  x=i, 
the  radius  of  the  particles  subsiding  was  probably  not  less  than  400 
times  the  molecular  radius  of  water.  The  bole  particles  under  analogooa 
cotiditions  of  suspension  in  IIjO,  were  smaller,  probably  only  100  water 
radii.  In  Professor  Brewer's  indefinitely  suspended  clays,  the  limit  of 
comminution  can  not  be  estimateil  at  all,  except  perhaps  from  purelj 
oi)tical  consideration.'     Whether  in  this  extreme  case  colloidal  hydra- 

poiritu  (Hit,  that  ivbcruivs  theae  iliiiieiisions  niny  bo  called  inquest  ion  when  considereii 
absoiiitoly,  tliB  relative  vnliica  of  iiuliiia  sro  probably  true. 

Tlio  fac^t  tbat)inrticlea  so  e^ctreruoly  light  ilesceiid  at  all  is  a  oicist  tttrikiug  r«snit 
ahotriiii;  tbo  extreniu  ilt'licncy  of  those  e^cperliucDts.  lii  case  <>r  tripoli-wntei,  liit 
luatnnco,  the  oatiiuateil  wriglit  of  particles  isouly  1/10"  milligram.  Being  inTjsibli 
miaroBRopi calls  it  muat  wt'iKh  less  tbau  1/W  milligram. 

'  The  optical  properties  ot  light  reflected  from  particles  am  nil  in  compari  sod  will" 
the  n-avo  loiiRth  of  UrIiI  ftta  dvacnasei  \i3  SloV-t^  tPUl.  Traus.,  1352,  p.  S30).  How 
'~ri[ea  particle  may  be  \vitWnlUUwt«\vis'^\\>io\!\^';»^'i\sj!>.Ta<*a,\  t*si.-a«i,«Ki, 
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tion  with  concomitant  volame  changes  is  still  demonstrably  absent, 
remains  to  be  seen.  To  test  it,  a  sufficient  quantity  of  the  extremely 
fine  material  would  have  to  be  collected  and  dried  by  low  temperature 
evaporation,  an  excessively  tedious  task. 

Again,  in  Bulletin  No.  35,  p.  21,  I  point  out  at  some  length  that 
^^when  the  particles  decrease  (in  size)  from  some  estimable  mean  value 
indefinitely,''  liquid  viscosity,  being  at  least  partially,  if  not  largely 
kinetic  in  character,  can  no  longer  be  considered  constant;  that  there- 
fore a  particle  may  descend,  or  in  other  words  the  continuous  aud 
constant  action  of  gravity  produce  an  effect  even  when  the  weight  of 
the  particle  is  below  the  mean  or  physically  measurable  value  of  the 
friction  encountered;  that  the  limits  of  time- variation  erf  viscosity  will- 
increase  as  the  radius  of  the  circumscribed  space  decreases.  In  such  a 
case  the  particle  to  be  stationary  must  weigh  less  than  the  lower  limit 
of  the  variable  viscosity — a  quantity  which  may  reasonably  be  conceived 
to  approach  zero  very  nearly.  I  carried  these  inferences  one  step 
further  by  supposing,  rationally  I  think,  that  the  limits  within  which 
this  elementary  viscosity  (say)  varies,  will  increase  with  the  degree  of 
molecular  agitation  of  the  liquid.  On  the  basis  of  this  postulate  I 
then  endeavored  to  explain  sedimentation  kinetically,  both  in  its  relation 
to  temperature  aud  the  effect  of  precipitants. 

One  point  which  antagonizes  this  hypothesis  in  part  must  not  be  lost 
sight  of.  Two  or  more  particles  sufficiently  near  together  tend  to  screen 
each  other,  aud,  receiving  impaot  mainly  on  their  outer  surfaces,  will  be 
held  in  permanent  coherence  so  long  as  the  conditions  of  pronounced 
molecular  agitation  last.  This  is  observed  to  some  extent  in  solution 
suspensions,  ether  suspensions,  and  in  water  suspensions  at  high 
temperatures  (10(P).  There  is  therefore  some  difficulty  in  preserving 
the  granular  state  (Bull.  36,  p.  38). 

To  pass  judgment  on  the  validity  of  such  an  explanation,  it  is  neces- 
sary to  have  in  hand  better  statistics  of  the  size  of  the  particles  rela- 
tively to  the  water  molecules  than  are  now  available.  Indeed  whether 
the  liquid  water  molecule  is  simply  H20  and  not  some  more  complex 
form  can  not  at  tbe  present  state  of  science  be  decided.  Inasmuch  as 
the  particles  in  pure  water  are  individualized  and  granular,  it  is 
apparently  at  once  permissible  to  infer  the  size  of  the  particles  from 
the  observed  rates  of  subsidence.  But  my  observations  show  that  the 
said  rates  decrease  in  marked  degree  with  the  turbidity  of  the  mixture. 
Hence  the  known  formulae  for  a  single  particle  are  not  rigorously  appli- 
cable though  it  can  not  be  asserted  whether  the  cause  of  discrepancy  is 
physical  or  mathematical  in  kind.  It  follows  that  special  deductions 
must  be  made  for  stated  groups  of  particles  before  an  estimate  of  their 
mean  size  can  be  fairly  obtained. 
BuU.  60 10 
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By  William  Hallock. 


While  occapied  with  a  careful  study  of  an  article  by  W.  Spring^  on 
the  production  of  Wood's  alloy,  and  seeking  the  forces  possibly  brought 
to  bear  in  his  experiments,  the  following  explanation  occurred  to  me, 
and  was  subsequentlj'  verified  by  critical  experiments.  The  method  of 
production  used  by  Mr.  Spring  was  to  mix  filings  of  the  four  metals  in 
the  proper  proportions,  subject  the  mass  to  a  pressure  of  6,000  atmos- 
pheres, file  up  the  block  thus  produced  and  compress  it  a  second  time, 
obtaining  as  an  end  result  a  block  of  Wood's  alloy. 

Now,  if  at  any  time  during  the  various  operations,  be  it  the  first 
compression,  the  subsequent  filing,  or  the  second  compression,  or  if  any- 
where in  the  whole  mass,  the  original  metals  came  in  contact  all 
together,  then  at  that  point  we  should  have  a  particle,  a  molecule  as  it 
were,  of  Wood's  alloy.  If  thereafter  the  temperature  ever  rose  to  70^ 
C,  that  particle  would  melt  and  dissolve  down  its  immediate  neighbors 
until  finally  the  whole  mass  was  liquefied  and  converted  into  a  homo- 
geneous mass  of  alloy.  Without  waiting  to  consider  how  improbable 
it  was  that  the  three  or  four  metals  could  be  brought  simultaneously 
into  perfect  enough  contact  to  act  as  a  real  alloy,  I  tried  the  experi- 
ment and  it  proved  an  easy  success. 

The  metals  were  filed  to  fine  grains  and  mixed  in  the  proper  propor- 
tions,' one  part  cadmium,  one  part  tin,  two  parts  lead,  and  four  parts 
bismuth.  A  glass  tube  of  6°*™  inner  diameter  and  70°^°"  length,  sealed 
at  one  end,  served  as  containing  vessel.  About  6  grams  of  the  mixed 
filings  were  placed  in  this  tube  and  packed  do\^n,  an  iron  wire  3"™ 
diameter,  held  between  the  thumb  and  finger,  being  used  as  a  packer; 
which  certainly  eliminated  the  possibility  of  any  considerable  pressure. 
The  tube  was  thereupon  so  placed  upon  the  water-bath  that  the  sealed 
end  containing  the  metals  projected  downward  into  the  boiling  water. 
In  this  way  the  filings  remained  dry  and  were  kept  at  a  temperature  of 
980  to  lOOo  C.  After  remaining  in  this  position  for  eighteen  hours 
(over  night)  the  filings  showed  signs  of  sinking  together,  which  would 


*  Kead  before  the  PhiloHophical  Society  of  WaahiugtoD,  D.  C,  at  the  meeting  of 
February  18,  1888. 
«W.  Spnng:  Ber,  der  Chem.  GeseU.,  vol.  15,  I885i,  VP- ^^^>-^^  • 
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indicate  a  beginning  of  tlie  i-eactitm-  Tlie  tube  was  jarred  upou  Uie 
table  to  assist  th<>  uotulciisation  aud  agaiu  placed  ou  tlio  batb.  Two 
liours  later  the  t^b^^  (ioiitaiiicd  a  hoiiwffeneoun  Uquiri  ghbule  o/  WoodCt 
alloy.  TbeexiieriiiiPiit  wiis  repuatotl,  iimug  two  larger  tubes,  itit-o  wLicb 
the  iiiPtals  were  paokeii  with  a  Iwid  |)oiicil,  and  producing  s«rae  30 
grams  uf  alloy,  or  uoDrde  when  the  operation  is  unee  started  there  is 
DO  limit  to  ttiu  (iiiiintit.v  wtiieh  can  be  prnduced.  One  tube  remained 
ou  the  water-bath  over  a  week  witliout  signs  of  a  solution  and  yet 
finally  dissolved. 

In  further  application  of  the  iiame  principle  lead  and  tin  were  melte  I 
together  at  19(P  to  200^  0.  by  simply  laying  a  piece  of  tin  upou  a  cure- 
fully  cleaned  piece  of  lead  and  platang  the  whole  in  au  air-bath  at  190°  0. 
A  few  hours  sufflc<t  tbr  this  experiment.  The  melting  points  of  the 
sbos'ii  metals  are — oadmluni  315'^  C,  tin  23IP  0.,  biamiith  ^fi"'^  C,  le*il 
i2b°  0.  Potiisisium  and  sodiuin  were  also  u»ed,  melting  at <i:!° 5' U,  and 
06O  6'  C.  r^^8p^!etively. 

A  verj-  in>,cre8tiug  and  striking  exiieriment  is  tlio  production  of  the 
alloy  of  equal  parts  uf  potassium  and  sodium,  which  is  liquid  at  tem- 
peratures above  (i"^  0.  Pieces  of  the  two  metals  are  simply  placed  with 
freshly  cut  surfaces  in  coutaet  and  slightly  pressed  together;  in  a  lew 
seconds  the  liquid  alloy,  which  resembles  mercury,  is  visible  in  drops 
aroand  the  contact  sarfaoe,  and  an  honr  or  two  unfficea  to  products  J 
several  cubic  centimeters  of  the  fluid. 

It  is  my  iuturitioii  in  the  neiir  future  to  follow  up  these  observations 
by  a  scries  of  expisrinieiits  intended  toestalilisli  and  extend  the  principle 
here  illiistnitcil.  TIlL^  heat  pheiiomi'iM  which  doubtless  accompany 
these  reactions  will  iils()  be  iiivesti'^nU'd.  Possibly  also  some  electrical 
manifestations  may  be  discovered,  aud  perhaps  some  facts  bearing  npirn 
the  origin  of  contact  electricity  may  be  developed.  In  the  mean  time  I 
would  propose  the  followiug  law:  An  alloy  can  be  jiroduced  out  of  its 
original  eonstitncnts  without  considerable  pressure  if  the  temperatuni 
be  above  the  mi'Uitiif  point  of  the  alloy,  e.ven  though  it  be  far  Iwlow 
the  melting  point  of  tlio  most  easily  fusible  constituent. 

Probably  this  law  will  also  be  found  applicalile  wherever  nnder  tbe 
existing  cireumstanccs  the  product  is  u  liiiuid,  even  though  the  original 
substances  be  ootids. 
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BOOKS  OOLLECTED  BY  B.  D.  IBVING. 

A.  Separations  from  the  gabbro  of  Ashland  County,  Wis.:  1,  I 
spar;  2,  diailage;  3,  magnetite,  partial. 

[▲nalysoA  by  W.  F.  HillobitUKt.l 


n.,0 

SiOv 

TIO, 

PtO. 

A1,0,.... 
F»«,Oj.... 

FcO 

MnO 

SK).  BftO. 

CaO 

MpO 

K,0 

Na^O  .... 
Li,0 


No.  1. 

53.  :u) 

traro. 

tr:uM». 

20.03 
.55 
.23 

nono. 

trar.oB. 

11.40 

.13 

.40 

4.87 

nono  . 


100.14 


N(».  2. 

No.  3. 

.33 

49.80 

1.29 

8.47 

trace. 

2.86 

2.48 

50.29 

10.82 

30.70 

.37 

nono. 

16. 50 

15.33 

.12 

.51 

traro .' 

100.41 

89.46 

B.  Oaruet,  separated    from   the   garnetiferons  actinolite  schig 
Penokee  Gap,  Wis.: 

[Incomplote  analysiA  on  only  0.54  KTam,  by  T.  M.  Cbatard.  | 

SiOi 39.31 

AliOa lt>.8G 

FcjOs  (total  iron) 40.  lift 

MnO 1.03 

CaO l.HH 

MgO I.IM) 

103. 04 

The  excess,  3.64,  is  oxygen  added  to  ferrons  iron.   Correcting,  we 
approximately  FeaO,,  10.131;  FeO,  32.81. 

C.  Limestones  and   iron   carbonates:    1^  \iVw\^^\,ci\\^^  tv^^-^  '^^ 
Lake,  Gogebic  district,  Mich.;  2,  Llmestjoii^,  ^^\3lq>^^^  \^^^^0 
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cherty  iron  carbonatp,  tlogebi«  distriut;  i,  irou  (yu-biiunte,  oatlH  o( 
Soutlay  Lake;  5,  iron  carlwiiuto,  I'aUii8  iniuc,  (logebic  lUatrict. 


lAiulfSHbrW.  r.  QiUBbnod.) 

No.  1. 

No.1 

No.  a. 

No.*. 

.88 
St.  SI 
3H.«» 

.M 

LW 
1,01 
37.  K 

3,U 
oiidxt 

NO.B. 
18,14 

(*) 

.70 

.W 

1«.S7 

ISO 
uwtM. 

.30 
J.IIT 

.17 

.a 

.Si 
3.ie 

TlcH 

1.16 

11.81 

.u 

Wwe. 

'—■ 

.W 
.M 

-It 

ran 

U.9S 

.76 

FeO 

«nO 

Frft 

m.t5 

»» 

1N.°D 

MBT 

98.  T3 

(Same  series contiaued):  6,  Irou  carbonate,  Miueranil  Wells'  o;>tion, 
Sec.  13,  T.  47  N.,  R.  4fl  W.,  Michigan }  7,  •*  iron  carbonate,"  bad  of  Slitte 
Cicek,  Huron  Bay  slate  quarries,  Michigan;  S,  iroa  carbonate,  north- 
west  i  Sec.  18,  T.  47,  K.  15  W.,  Uinneeota;  9,  slaty  rock,  sapposod  Iron 
ciirbonatt',  bod  of  Cross  Kiver,  near  Onntlint  Lake,  Michigan. 


K.,«. 

So.  1. 

3(1.73 
,01 

,41 

.00 
.91 

.80 

-n 

2.33 
2. 34 

I,3S 

.'JS 
39. « 

,27 

CO, 

TiO, 

A1.0,-- 

UuO 

Alkali 

B»M 

100,11 

108.96 

188.38 

(3amfl  series  coiitiuncd) :  10,  Iron  carbonate,  west  end  of  Giinflint 
Lake,  Miiiiietinta;  ll.ifoii  carbonate,  north  side  of  lake;  12,  lime^toue, 
east  end  of  i  )i;i8l{einaiiut»:»\  \i'AU.e>^  Miuueaota;  13,  limestoue,  aorth  side 
of  GuDtJiut  Lake,  Cauav\a. 


CUATARD.] 
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[AiialyHC'ri  hy  T.  M.  (nmtanl.] 


H,0  .... 

COj 

SiO,  .... 
TiO,.... 

SO, 

A1,0,... 
Fe,0,... 
FeO  .... 
MnO..  . 
CaO.... 
MgO.... 
Alkftlies 


Xo.  10.     No.  11.     No.  12.     \o.  13. 


2.08 
5.22  ! 
58.23  I 
trace? 

I 

.03 
.19; 
.06 
5.01  T 
18.48  : 
.25 
.38 
9.59 
imdet 


1.22 

19.06 

46.46 

trace / 

.13 

.14 

.24 

.64 

26.34 

.21 

1.87 

3.10 

andet 


99. 52     100. 31 


1.07 

24.70 

41.99 

trace? 

.06 

.32 

1.24 

.42 

4.77 

.26 

16.86 

8.41 

nndet. 


.90 

32.42 

23.90 

none. 

trace! 

.17 

.07 

.44 

10.72 

.28 

22.25 

8.52 

nndet. 


100. 08      99. 76 


NOVACULITE  FORM  MARQUETTE,  MICH. 

(Collected  by  G.  H.  Williams;  analyzed  by  W.  F.  HiUebrandl 
HaO    2.35 

Si02 76.99 

PaOs trace. 

AlaOs 13.92 

FejOa 45 

FoO 77 

MnO trace. 

CaO 32 

MgO 1.12 

K,0 3.65 

NaaO 56 

Li»0 trace. 

100.13 
BRICK-CLAY  FROM  NEW  ULM,  MINN. 

Color  greenish-gray.    Brick  made  from  it  is  reddish-brown,  strongly 
sintered,  somewhat  fractured.    Beceived  from  Hon.  John  Lind. 

[Analyzed  by  T.  M.  Chatard.] 

Ignition 10.73 

SiOj 61.32 

TiOi 66 

P3O6 27 

SOs 19 

AliO., 12.27 

FejOa 3.62 

FeO 4.18 

MnO 27 

BaO 05 

CaO 99 

MgO 1.76 

K2O 3.^9 

NasO »a. 


BOOKS  FBOH  MOKTAJ4A. 

[CalkoWd  by  A.  C.  rwUe  Mii  G.  P.  Merrill.] 


I  A.  From  hills  eaat  of  Fort  Ellis:  1,  Rock,  aualysis  byT.  M.  Chatard 
'2,  groaud  mass ;  and  3,  portion  soluble  iu  hydrocliloric  Eicid,  aualjio 
by  L.  O.  Eakins. 


A.I, 

A.2. 

A,  3. 

SW) 

,41 
10.17 
l.M 
.10 

50.08 

l.M 

30.88 

AUO. 

IT.M 
.08 

am 

4.  US 

S.SI 

l.raru, 
IS.  4* 

B1.3B 

fW) 

MnO 

ioOlU 

W.U 

100.  M 

B.  Prom  hilla  north  of  Camp  fi  (Peale),  Enst  Gallatin  River. 

C  Partial  aualysist  of  vein  from  rock  north  of  Rast  Gallatin  River. 


B. 

r.. 

ii,o 

.1. 

Til). 

,21 

'•^>. 

,^7 

1.93 

2.:ii 

<:r,o, 

T-fl. 

CaO 

9.ao 

E.fi 

2.« 

M* 

100.41 

018.1 
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).  From  Cottonwood  Greek :  1,  Bock,  analysis  by  T.  M.  Ghata 
>ortion  soluble  in  dilute  hydrochloric  acid^  analysis  by  L.  O.  Eaki 


sio, 

TiO, 

PfO. 

so, 

AljOa.... 
CraO,.... 
Fe^,.... 

F<*0 

MnO 

BaO 

c»o 

MgO 

K/) 

Na,0.... 


D.l. 

D.2. 

3.10 

51.  C5 

12.04 

.55 

.21 

.10 

13.80 

2.98 

.08 

2.70 

i  5.07 

1 

5 

4.80 

.15 

trace. 

.10 

4.07 

.00 

11.56 

&28 

4.15 

.83 

2.00 

.30 

100.37 

30.00 

<}•  Porphyrite,  Cottonwood  Creek :   1,  Complete ;  2,  portion  sola 
lilute  hydrochloric  acid. 

lAnalyses  by  L.  G.  Eakins.] 


H,0  . 
8i0,  . 
TiO,. 
P,0,. 
AljO, 

Fe,0. 
FeO  . 
MnO. 
BaO  . 
CaO  . 
MgO. 
K^  . 
Na/) 


E.l. 

£.2. 

2.68 

52.33 

13.62 

.14 

1.C2 

15.00 

5.03 

4.31 

4.03 

.00 

.07 

7.06 

6.73 

3.76 

.08 

3.14 

.78 

100.45 

20.41 

WASUINQTON    LAitOBATOHY. 
F.  Hud  O.  Two  rtMjke  from  uurtliwest  of  Cottonwood 


[Paitial  umtyHs,  •ateqiuatad.  by  L 


F. 

G. 

tS-W 
18.  «4 

2.« 

6.81 
l.M 

^io. 

Bs.mi 

•*" 

1 


H.  Bight  ciirbonireroustimestuiius.  Analyses  by  O.  Catlett:  l,nortJi 
of  Bast  Galliitiii  Uiver;  2,  west  of  Nortb  Bowlder  River ;  3,4,riort)id( 
East  Oallatiu  River ;  5,  west  side  of  Bcidger  Katige,  base  of  cartiOD< 
iferouB;  C,  uortb  of  OaUatia  River,  middle  forinationj  7,  8,  uorth  of 
G 


D  River,  apper  formatioD. 

a.i. 

H.».       H.J, 

U.i, 
M.1I 

B.». 

ea.u 

H.« 

H.T.      H.a 

sa.w,  wii 

c-co, 

M.6* 

5*.H 

ST.M 

«8C0. 

U.Kt 

ta-ti 

CIS 

l.H 

.85 

1.35 

13.«      U.15 

»hO, 

I      TT 

w 

M 

M 

^ 

W.lot.clc. 

undcl.     iin.l*.. 

„n,l..l. 

IKI.IPI 

,a,Jet.    ..nrtot.  1  n«d«,  .  UDd-l. 

9R73  '    M.34 

IDU.Oll 

.J^K 

'J9S1       msa       BJ.Kl       M.(hi 

ERUPT 

VE   ROCK 

IRocLvpclf 

FROM 

THE    QENRY 

MOUNT  A  IKS 
R.  E.  Rii:s«.| 

UTAH. 

AI.O3.. 

_.     I.rtj 

KAKim.) 
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ROOKS  FROM  NEW  MEXIOO. 
(Collected  by  J.  W.  Powell;  Analyzed  by  L.  G.  Eakina.] 

A.  Obsidiau  from  Obsidian  Hill  Gamp. 

HaO 33 

SiOa 76.20 

TiOi trace. 

AlgOs 13.17 

PetOs 34 

PeO 73 

MnO 10 

CaO 42 

MgO 19 

KaO 4.46 

NaaO 4.31 

100.25 
Specific  gravity 2.352,  23^5' 

B,  C,  D,  and  E.    Foar  basalts,  Bio  Orande  Oaiion. 


B. 

.82 

trace. 

52.27 

1.49 

C. 

D. 

1.29 

.37 

52.37 

1.G0 

E. 

HtO 

CO, 

.64 

.58 

51.57 

1.43 

.53 

52.38 

1.22 

.58 

ia79 
2.88 
4.90 
.18 
.11 
7.70 
4.91 
1.78 
3.99 

SIO, 

TiO, 

P^. 

CI 

A1,0, 

Fe,0, 

FeO 

MnO 

BaO 

CaO 

MgO 

k;o 

Na,0 

trace. 

17.68 

2.51 

5.00 

.23 

.06 

&39 

8.05 

1.58 

4.19 

17.72 
6.24 
1.78 
.45 
.16 
8.82 
4.91 
1.99 
3.59 

trace. 

17.01 
1.44 
5.89 
.32 
.06 
7.59 
8.86 
L59 
3.51 

100.27 

99.88 

99.90 

99.91 

LAVAS  FROM  NEAR    LASSEN    PEAK,  CALIFORNIA. 

[Series  collected  by  J.  S.  Diller.] 

1.  West  end  of  Lake  Bidwell. 

2.  Silver  Lake. 

3.  Volcanic  sand,  balf-mile  northeast  of  Cinder  Gone,  10  miles  north • 
east  of  Lassen  Peak. 

4.  Inclnsion  in  lava  of  Cinder  Cone. 

5.  Lava  of  volcanic  bomb,  from  Cinder  Cone- 

6.  One-third  of  a  mile  south  of  Cinder  Cone,  on  border  of  lava  field, 

7.  Lapilli  from  Cinder  Cone. 
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8.  Timber  line,  west  base  of  Lassen  Peak. 

9.  Lava  enveloping  No.  8. 

10.  East  eiid  of  Ohaos,  northwest  base  of  Lassen  Peak. 

11.  Bast  end  of  Chaos,  northwest  base  of  Lassen  Peak. 

12.  Two  mile*  south  of  LiilTauV  Mouutaia,  Ll;vna  Coanty. 

13.  Two  miles  south  of  Luffan's  Mountain,  Liana  Goauty. 

14.  Northwest  base  of  LufTan's  Mountain,  at  base  of  high  dt£& 
Iiassen  Peak. 

15.  West  side  of  old  crater  near  Thumb,  bea<i  of  Mill  Creek. 

16.  One  mile  southwest  of  Thumb,  at  head  of  Bailey  Creek. 

17.  Lava  resting  on  dacite,  near  west  base  of  Lassen  Peak. 

IS.  One  and  one-half  miles  northeast  of  Clipper  Mills,  on  tramway  to 

ick  Creek,  Shasta  County. 

Iff.  West  summit  of  Crater  Mountain. 

20.  North  slope  of  Crater  Mountain. 

21.  Nodule  from  No.  2a. 
82.  Near  eastern  end  of  rim,  Crater  Mountain. 

23.  South  base  of  Bnruey  Butte. 

24.  Cone  at  south  base  of  Barney  Butte. 

25.  Northwest  summit  in  riiu  about  the  head  of  Buruey  Creek. 

lAimlyiliiKsSlby  W.  f.  Billsbnuitl:  IStoKh;  B.a  KifEJpi.] 


KiLl. 

Mo.1. 

Sq.!. 

ir«.4. 

Scs. 

Ha.K 

,17 
tr*«o, 
S,71 
3.06 

No,T. 

.27 

17,  .W 
.13 
fi-W 

So.  ft 

IS.  ID 

n.18 

1.23 

3,71 
li™ti. 

Bfi 

SiO, 

tiO, 

P.O. 

AIA 

Cir,0, 

F»,0,  

FiO — 

M.1S 

6.  SI 
IfJ 

7.2B 

67.  ra 

4.80 

(!) 
.09 

a.  IK 
CI 

M.B3 

l.M 
anilet. 

3,32 

.in 
(II 

1.1H 

(') 

BB,70 
.20 

1.29 

.IB 

imi'.i. 

K^> 

N».,r) 

LU» 

10(l.lfljl("».78|llXI.:3 

M.HS 

lU«.18|mM 

ino,MJl«LC7| 

floa-J 
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SiQ.  . 
TiO,. 
P.0,. 

CTfO, 

FeO. 
MnO. 
BaO. 
SrO.. 
CaO  . 
MgO. 
K,0  . 
Na/) 
LM). 


No.  9. 

No.  10. 

1.37 

.74 

68.32 

6a72 

.31 

.31 

.12 

.00 

1.^.26 

15.15 

llOD«. 

none. 

1.66 

1.16 

1.26 

1.76 

.04 

.11 

.07 

.07 

traco. 

.03 

3.26 

3.30 

1.32 

1.28 

2.81 

2.78 

4.27 

4.26 

trace. 

tra<w. 

100.07 

09.76 

No.  11. 


.77 

63.35 

.56 

.10 

19.22 

none. 

3.28 

4.48 

.16 

(?) 


No.  12. 

.5S 

63.47 

.37 

.13 

16.75 

trace? 

2.15 

2.75 

.00 

.04 


No.  13. 


1.00 

57.04 

.47 

.08 

19.11 

none. 

4.87 

2.48 

.12 

trace! 


.03 

.04 

.02 

9.76 

5.72 

7.34 

4.86 

3.04 

3.94 

.90 

1.62 

1.16 

2.89 

3.04 

3.48 

trace. 

trac«. 

trace. 

100. 44 

100.66 

100.70 

No.  14. 

No.  15. 

No.  16. 

I 

1.04 

1.00 

1.03 

58.08 

63.81 

69.84 

.44 

.38 

.57 

.16 

.10 

.19 

18.37 

17.07 

16.81 

none. 

none. 

traced 

2.92 

2.11 

1.88 

3.38 

2.15 

3.60 

.13 

.09 

.14 

.03 

.04 

.07 

.02 

.08 

.02 

7.05 

4.97 

6.30 

3,35 

2.28 

8.86 

1.33 

1.06 

2.13 

3.66 

4.08 

8.63 

trace. 

trace. 

trace. 

100.01 

100.10 

100.07 

8iO,  . 

TiO,. 

PfO.. 

SO.  . 

A1,0, 

Cr,0, 

FetO, 

FeO  . 

MnO. 

BoO.. 

SrO... 

CaO  . 

MgO.. 

Na,0 
LM).. 


No.  17. 

No.  18 

.60 

.86 

56.51 

74.60 

.48 

.16 

.14 

.03 

I&IO 

18.41 

trace. 

none. 

4.26 

L28 

2.68 

.30 

.11 

.06 

.04 

.11 

.04 

none. 

8.15 

1.08 

4.52 

.26 

1.15 

4.50 

3.23 

3.38 

trace. 

trace. 

100.10 

100.02 

No.  19. 

.40 

68.12 

.25 

.14 


16.24 

none. 

1.26 

2.08 

.10 

.09 

.02 

3.80 

1.35 

2.54 

3.89 

trace. 


100.28 


No.  20. 

.83 

61.17 

.45 

.14 


17.74 

none. 

1.78 

3.51 

.12 

.06 

.04 

5.90 

2.76 

1.71 

3.79 

trace. 


100.00 


No.  21. 

No.  22. 

No.  23. 

No.  24. 

No.  21 

.45 

1.47 

1.02 

.79 

.0 

63.85 

52.95 

62.44 

52.63 

60.  & 

.50 

.66 

.31 

.07 

.4! 

.06 

trace. 

.05 

.47 

.(^ 

trace. 

trace. 

trace. 

trace 

18.53 

18.25 

16.39 

17.62 

17.4; 

trace. 

1.96 

4.36 

4.66 

6.49 

6.31 

5.30 

4.19 

1.00 

3.10 

.5; 

.12 

.12 

Trace. 

Trace. 

.01 

.03 

.01 

.03 

.04 

.a 

.01 

trace. 

trace. 

trace. 

(») 

9.06 

8.73 

6.22 

8.62 

6.6J 

5.88 

4.93 

2.65 

5.64 

3.5 

.74 

.77 

2.25 

1.78 

1.2 

2.08 

3.57 

8.16 

3.38 

4.1! 

trac4'. 

(1) 

trace. 

trace. 

trace 

100.09 

100.01 

100.18 

100.68 

100.4! 

WASniSOTON   LABOBAroKY. 
BASALT,  IXLAKD  OP  HYTILENB,  ASIA  UINOB. 

ICollMlHl  by  J.  a  Olllnr  ^  itualy»d  bf  T.  U.  CbnUrd.) 

H«o a.  12 

CO, 2.32 

B10« 56.58 

T10» 77 

P,0* IB 

Al)Oj -  H.88 

CtjOi tracer 

Fe«0, 2.31 

FeO 3.W 

HnO 16 

C*0 8.G9 

B»0 0? 

MgO 3.7fi 

K,0 a.  18 

KM) 3.:» 

100.39 

,IHOLOSION  IN   DIORITK    PBOM  OaOGEIt'.S    STATION,  NEAR  PEEK: 
NEW   YORK. 
IColleoted  by  G.  H,  Willlsm*^  wialytpd  by  T.  M. 


SKOlfA 


H,0  - 


J.  I 


4.GL 


32.73 

ALOa 46,58 

FeO &.ia 

CaO U.W 

MgO l.W 

101.  m 
Aualyais  made  on  only  0.4212  gramme.    The  mineral  is  margarite. 

WHITE  EARTn  PROM  TALLADEGA,  ALA. 
IKiH'eiri'd  frum  K,  A.  Moa.lcy.  jr. ;  aMlyicd  by  C.  Uatli  tt. 

IfiQiii"" 1-M 

SiO, fe,92 

Al,a 7.47 

Fe,0, trace. 

CaO 18 

MgO trace. 

AlkiUies nudct. 

94  51 
SANDSTONE,  BEBEA,   OHIO. 

tEitenaiTi'lv  quarriva,  •mnlvinl  by  L.  G.  Eakina.) 

H.0 1.13 

SiOj - W-SH 

Alift,-*. :(.78 

Pe.0, trace. 

PeO _ ill 

CaO :a 

MijO trace. 

KjO 61 

Na,0 34 


BlTfiBLD.] 
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KNOX  DOLOMITE  AND  RESIDUAL  CLAY. 
[From  MorrisTille,  AU. ;  oolleoted  by  I.  C.  Rassell ;  analyzed  by  W.  F.  Hillebnmd.l 


SiO,.. 
Al^, 
Fe,0, 
FeO  . 
CaO  .. 
MgO.. 
K,0  .. 
Na,0 
H,0  . 
CO,... 


Dolomite. 


3.24 

.17 

.17 

.06 

29.58 

20.84 


.30 
45.54 


99.00 


Clay. 

55.42 

22.17 

8.30 

trace. 

.15 

1.45 

2.32 

.17 

0.86 


99.84 


Of  the  water  in  the  clay  2.10  per  cent,  was  expelled  at  l(K)o. 


DOLOMITE  FROM  TUCKAHOE,  WESTCHESTER  COUNTY,  N.  Y. 

The  so-called  <^  Tuckahoe  marble."    Extensively  used  as  a  building 
one.    White,  highly  crystalline. 

f  Analysia  by  W.  F.  HUlebrand.] 

Insolnble 1.33 

HsO 16 

Fe^Oa 21 

CaO , 30.68 

MgO 20.71 

COa 46.66 

99.75 

Of  the  insoluble  portion,  0.71  is  silica.    The  iron  is  probably  in  part 
pO. 

WHITE  DOLOMITE  MARBLE,   COCKEYSVILLE,  MD. 

[Analysiii  by  J.  E.  Whitfield.] 

S:02 44 

AlaOa 1.22 

FeO trace. 

CaO 30.73 

MgO 20.87 

COj 45.85 

Ignition  ...,., .,..,., 1.22 

100.33 
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WABIIlKCi'roN    LABORATOKY. 
UAOBLB  vaOTH   LOUISIANA.. 


From  sections  19  and  20,  T.  U  N.,  R.  3  W.,  live  miles  west  of  Winn-- 
ilelil.  \Vliit«,  abuudajilly  streakeil  witb  bhick,  Ueceived  fiom  th^ 
■.Sapervisiug  Architect  of  tbe  TreaKurj. 

[Aiiftljied  li;  W.  F.  llillebrnDil.l 

loeotoble tS 

H,0 13 

CnO 55.01 

MgO 60 

MdO .10 

C0« - 43.  i3 

B0» a 


Traces  of  A!jOj,  FcO,  BaO,  SrO,  01,  and  organic  matter. 


LIMESTONES  FROM  OHIO  AND   INDIANA.  ^ 

Trenton  limestoues  and  Utica  shales,  oolleotfil  by  Professor  Edwanl 
'Orton  in  the  course  of  aii  investigation  of  the  oil  and  gas  wollBof  Ibc 
Jtwo  States.     Paitial  analy»os,  as  called  for. 

[     A.  From  Sew  Vieuna,  Ohio.     Analyses  by  F.  W.  Clarke  and  ^.B^ 
{Ugga,  jointly.     1,  '2,  3,  Utica  shales.  4,  6,  (i,  7,  Trenton  limestones. 


No,]. 

No.  ;.  ■  No. ::.      N...  1.      No.  S-     No.  e. 

^7,10      27.40      ao.v'o      j7,«  ;    *2,0t 
w.^ii     35,::;     «.io  ;   w.oi  '   r.i.iK 
MO      1.32'     1.S2        .^,     -i.oe 
M,si     -a.m'     ii,4-      ».vi\     a.i^ 

Ko.7. 

30.  kI 
23.00 

"'" 

II2.W     S0.7U,   M,a.i|  e-.ioj   !«.«     us.isj 

Iron  and  alumina  present  in  tbe  soluble  portions. 

B.  Trenton  limestones  t'rum  Ohio.  Analyses  by  Clarke  and  Rigps. 
8,  Arcaiiia,  Hancock  County ;  9,  Air-lino  Jiuiction,  Toledo ;  10,  gas 
rock,  yt.  Henry's  well,  Mercer  Connty ;  11,  oil-rock,  Lima. 


No 

8. 

Ko.B. 

CO, 

■rn 

,j 

<■  o 

i,. 

ir,' 

ln»oi 

U....- 

M 

on 

Utt 

••■•' 

<„.,.. 

No.  U. 

M.B8 

M.02 

5U.34 

32.24 

2.86 

IT.Sfl 

■.•.:;7 

l.M 

M.« 

«..o 

iron  aud  alumina  pruaeut  in  the  soluble  portions. 


CLARKE.] 
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0.  Seven  Trenton  limestones  from  Ohio.  Analyzed  by  F.  W.  Clarke. 
l2,  well  No.  3,  Bryan,  gas  rock;  13,  McElree  well,  Kenton;  14,  Hunts- 
ville;  15,  Prospect;  16,  Findlay  street  well,  Dayton;  17,  Xenia;  18, 
Kew  Madison.    Air-dhed  samples. 


Insoluble . . . 

Ft>^4.Al2<)3 

CaCOj, 

Mgi;0x 


No.  12. 

No.  13. 

No.  14. 

No.  15. 

No.  10. 

No.  17. 

No.  18. 

9.22 

5.26 

4.41 

26.12 

12.34 

9.23 

ILll 

1.51 

1.10 

3.16 

2.67 

.68 

.18 

3.60 

49.00 

84.32 

67.23 

G6.02 

82.36 

86.54 

64.91 

38.59 

8.43 

33.  IG 

3.77 

1.67 

2.99 

17.98 

98.32 

99.  U 

07.95 

98.48 

96.95 

98.94 

07.60 

In  14  and  18  ferrous  carbonate  was  present. 

D.  Seventeen  Trenton  limestones  from  Ohio.  Analyses  by  0.  Oat- 
lett.  19,  Airline  Junction,  Toledo,  depth  1,416  feet ;  20,  Upi>er  San- 
dusky, city  well  No.  2;  21,  Sandusky,  depth  2,260  feet;  22,  St.  Mary's 
township,  Auglaize  County,  gas-rock,  Pauck  well ;  23,  same  locality, 
gas-rock,  Bennett  well ;  24,  Carey,  first  city  well,  depth  about  1,350  feet ; 
25,  Fort  Recovery  well  No.  2,  depth  1,066  feet ;  26,  Loomis  and  Nyman 
well,  Tiffin,  depth  1,470  to  1,481  feet ;  27,  Loomis  and  Nyman  well. 
Tiffin,  1,488  to  1,494  feet ;  28,  gas-rock,  Waggoner  well,  6  miles  west  of 
Fremont;  29,  London, depth  1,594  feet;  30,  Celina,  depth  1,112  feet; 
31,  Port  Clinton,  1,660  to  1,700  feet;  32,  Wauseon,  2,135  feet;  33, 
Napoleon,  1,830  feet;  34,  oil  rock,  Kossuth,  Allen  County ;  35,  Frank- 
lin Township,  Mercer  County ;  Doenze's  well,  1,107  feet. 


Insolablo... 
Fe,03,Al,0s 

CaCO, 

MgCOi 


No.  19. 

1 

No.  20. 

No.  21. 

No.  22. 

No.  23. 

No.  24. 

No.  25. 

No.  26. 

2.88 

&18 

8.65 

3.18 

L66 

5.72 

1.80 

5.66 

8.C8 

4.31 

4.58 

3.12 

2.48 

3.08 

1.57 

4.86 

54.68 

64.25 

54.62 

52.18 

56.94 

80.11 

87.88 

52.89 

25.73 

15.93 

33.67 

38.42 

35.55 

&09 

7.43 

33.46 

91.97 

92.67 

96.52 

06.90 

96.63 

97.00 

08.77 

96.87 

Inaolublu  . . . 
Fex03,Alv03- 

CaCO, 

Mj^CO, 


No.  29. 


No.  30. 


15.90  :      2.95 

1.84  2.95 

77.69  I    68.41 

1.80  24.18 


97.32  I    98.49 


No.  31. 

No.  32. 

No.  33. 

No.  84. 

No.  85. 

7.46 

1&24 

2.66 

1.06 

3.68 

4.16 

7.28 

2.14 

.66 

8.38 

71.96 

42.82 

53.85 

90.72 

69.53 

14.34 

28.11 

37.33 

6.69 

10.68 

97.92 

96.45 

05.98 

99.16 

92.27 

Bull.  60 1 1 


WASHINGTON    LABORATOHY. 

I.  Six  Treoton  limestones  from  ludiana.  1,  Union  City,  l,lGOfe(>l; 
Slnffton,  I.OCii  to  1,067  feet;  3,  Muiicie,  91iO  feet;  4,  Greensbarg, 
feet;  5,  Verijon,  905  feet;  0,  Wabash,  aboat  900  feet. 


1,  bjF.W.Uto 

J  C.  CallolL] 

Ho.l. 

N«.S. 

So.  3. 

ITS 
3«.il 

So.*. 

.87 
W,00 

No.fi. 

aoe 

.DO 

K<i.  a. 

IWOlBWs... 
I^t.0,.41.0, 

c<co, 

mkco. 

3.U 

1.U 
B3.EI 

a.  ST 
*.*a 

8.3! 
T.5S 

fia.18 

30.33 

woe 

in.TS 

f^-(« 

!HI.*( 

V4.)S 

"•" 

COQUIKA,  COEAi,,  CUU.i.L    ItOUKS,  ETC. 

lollected  by  Professor  N.  S.  Slialer  in  an  inveatigation  of  coral  reels. 
'tial  nualyses,  a&  valleil  for. 

L.  Five  coquina  gravels  from   Floriila;  1, 2, 3, 4,  Tortngas ;  5,  Key 
et;  samples  nir-dried. 


i 


■0.1. 

Xo.l 

»».]. 

Ka,l. 

S<kS. 

MdMdw 

l«7 

SIM 

,22 

SI.H4 
Z.UI1 

&u 

51.  US 

>.ig 

Sl.M 
2.08 

^i,0,.V^, 

9S.SR 

BB.™ 

K.7U 

Bg.H 

M.1S 

Chlorides  ami  tjulpliah-3  present;  pLospliates  not  looked  for. 

B.  Five  coral  anil  shell  roeks  from  Iflorida ;  C,  near  Fort  Wortli ;  ", 
e^st  side  of  St.  .ToUn's  Hiver,  near  Seville;  8,  corroded  surface,  Miami 
Iteef;  &,  near  <.>ak  Hill ;  10,  near  Melbome. 


2H\ 

3.3- 
1.51 

N-,.,  B 

xture 

%1'e.O, 

"«■«■- 

«,40 

Hit.  3 

■AKDB.] 
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G.  Three  coqninas  from  Florida;  11,  coarse  shell  mass,  Senote;  12, 
Salt  Key  Bank,  coral  rock;  13,  Loggerhead  Key. 


[AnalysoB  by  L.  G.  Eakins.] 


HtO 

CO, 

SIO, 

Al,0s,Fe|0s 

CaO 

MgO 


No.  11. 
.11 

No.  12. 

No.  13. 

1.18 

.81 

43.89 

43.87 

48.71 

.22 

.11 

.20 

.18 

.04 

.22 

54.87 

53.54 

53.54 

.64 

.71 

.78 

99.91 

99.40 

99.26 

D.  Hammock  clay,  Melborne  Creek,  Florida. 

E.  Incrustatiou  formed  by  evaporating  waters,  Everglades,  Florida. 

F.  Ochreoas  deposit.  Paint  Bock,  Dade  County,  Fla. 


[Analyses  by  L.  Q.  Eakins.] 


D. 


1 23. 61 


H,0 

CO, 

Orj:;aiiio  matter 

SlOj 38.04 

A1,0, 

FetO, 

FeO 

MnO 


!}27. 


19 


£. 

19.56 

25.  .78 

19.68 

].59 


!•• 


11 


CaO 

MgO.... 
AlkaUes 


10.73 

.46 

andet 


31.32 

.30 

luidot 


P. 

.31 

^41.30 

1.32 

.30 

7.26 

.68 

trace. 

48.06 

.41 


100. 0:{       98.94     100.64 


G.  Phosphatic  deposit,  Island  of  Sombrero,  West  Indies, 

H.  Coralline  bottom,  Barbados. 

I.  Kecent  coral  (Siderostria),  Bermuda. 

(AnalyseA  by  L.  G.  Eakins.) 


H,0 

CO, 

CI 

P,0. 

SiO, 

Al,0, 

CaO 

MgO..  .«.•>. 


G. 

H. 

I. 

3.  05 

2.73 

.51 

3.47 

43.40 

43.74 

.66 

39.12 

.14 

1.17 

.23 

.29 

.31 

trace. 

.•>!.  15 

46.45 

55.16 

trace. 

a.  l.'i 

.20 

97.  K8 

U9.  21 

99.87 

j^^/0»  pop  looked  fof, 
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WASIMNGTON    l,AB(»KATOj;v, 


J.  Pourteeu  txiral  rocks  and  odo  tioil  from  ttiu  Hawaiiaii  Islanili 
Aiiulyzuil  l).y  L.  G.  Eakius.  1,  Laie;  2,  3,  Kohuku  Gliitl';  4,  Kobub 
{!onili)nt;  5,  [>oiat  near  coral  flat;  (i,  modern  clialk,  Oaliu ;  7,  Diamoni 
Head ;  S,  under  lava,  Hoaolula ;  9,  near  Pearl  River  lagoon ;  10,  ui( 
re«f,Waialua;  ll,Oampbell'BRauoh(Hiarry,Waiane»,OaIm;  12,Wailiiki 
Bay;  13,  Reef  Three,  Honolulu;  14,  Prison  iiuoll,  Honolulu;  15,Lifi 
soil,  Diamond  Uead. 


Ho.l 

N..J. 

No.  J. 

mo.*. 

No,l 

H<lB. 

So.  7. 

n,o 

t.U 

.«»          .T9 

.n 

.70 

B.8t 

I.M 

41.19 

44.33      43.  H 

U.M 

1),H 

ILDS 

40.  Kl 

BIO, 

.S6 

.»          .« 

.» 

.M 

aa.£s 

!.« 

AMh 

{      in 

I     .K.    \     .» 

! 

1      Tl 

IB.M 

)   »« 

CM 

1  4e.M 

iS.H       fil.09 

UkO 

1.7J 

*,M        1.60 

•  m 

l-M 

a.t» 

t.a 

»B.» 

W.M      W.43 

MLOT 

M.IN 

»S,8S 

•*■» 

Imo-S. 

Nb.». 

No.  10.    No.  11. 

Mo.  11 

»o.I». 

So,H, 

So.  11 

H.0 

-.    i.« 

RM 

Ln      .4t 

Lt) 

&» 

LH 

E.M 

P-W. 

««    4a.«s 

a.BD 

4B.W 

a.a 

U.<1 

I'M 

BiO, 

...       6.31 

in.i:; 

l,us 

,SJ|         .46 

a.sa 

.(■1 

A1,0,-— 

j..^ 

F*^,-..  . 

...  i  ^■" 

ilut 

1  ''™ 

i      "'"1    '■*" 

11.. w 

- 1 

Wa.'i'- 

Ci.l1 

l.Ti 

BI.U7 

48.  sa 

62.  ti- 

12.  SO 

MkO 

...       .1.95 

2.:;) 

.11 

!i.  611  1      1.  S3 

M. 

.IS 

11, 7u 

IIMII..L 

^.flO 

I«.12 

W.W 

Ba.»7 

50,  U 

«... 

IRON    AND   MANGANKSK    OKKH. 


Two  iron  ores  mid  two  oclin^s  from  tlie  Lii 
W,  Va,    Ri^ceived  from  1).  IS.  Liicaii. 


;  farm,  Jeffcr.soii  Cniiiitj 


.„._..!  ■'■  !  "_j._"L;  "■. 


D.1 
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ore,  Little's  ore  bank,  Jefferson  Coanty,  W.  Va.,  and  Hostler's 
Dk,  same  coanty.    From  D.  B.  Lacas. 


(Examined  by  C.  Catlett] 


SiOa 

Fe 


LitUe'A. 

55.67 
23.21 


Hostler's. 


67.34 
22.73 


}  from  D.  B.  Lncas,  iron  ore  from  Cool  Spring  ore  bank,  Clarke 
Yj  Va.,  and  from  Bear  Pond,  top  of  Bine  Bidge,  Va. 


[AnalyseB  by  C.  Catlett.] 


Cool  Spring.  I  Bear  Pon<l. 


SiO« 
Fe.. 
Mn. 
P.. 


29.63 
36.50 
trace. 
.175 
.232 


7.11 
48.24 

1.625 
.041 
.156 


>e  manganese  ores,  from  Elkton,  Bockiugham  County,  Va.    Be- 
from  C.  B.  Creecy. 


[AnalywMl  by  C.  Catlett.] 


Mn  . 
SiO, 
Fe.. 
P... 

S  ... 


A. 

11. 

C. 

43.94 

49.66 

48.75 

15.88 

1.80 

15.08 

3.43 

8.53 

2.79 

.166 

.076 

.085 

.07 

.089 

trace. 

r  iron  and  manganese  ores,  Stuart  estate.  Lick  Mountain,  near 
5ville,  Va.    From  J.  W.  Beardin. 


f  Analysen  by  J.  E.  Whitfleld.) 


A. 

2.92 
51. 05 
.161 
traco. 
4.32 

IS. 

2.57 
41.89 
.036 
.09 

4.05 

C. 

1.98 
57.67 
.009 
.067 

l.yS 

D. 

Fo 

48.988 

Mn 

P 

4.54 
.394 

S 

.056 

Infloliiblo    

10.34 

1U6  WAMIIINGTON    LAllOUATOKr. 

Aho  tlireo  oros  from  the  same  edtate,  sKiit  in  by  I'.  B.  Tliotn|>suu, Jr. 
Saini)  auuJyst. 


k 


A. 

B. 

e,4S 

BV) 

.118 

.an 

1ft.  U 

.MB 

_"     , 

Ores  collected  by  I'ruf.  J,  E.  Procter.  Aunlyaoa  partly  by  J.  & 
WiitttieW,  iiartly  by  C.  Oatlstt. 

A.  From  Scott  County,  Vtt.;  1,  Aiidevson  lands,  near  top  of  Clinoi 
Moiintiin,  aotithorii  slope,  l,li>0  foet  above  the  railroad  water-tank; 

2,  James  Boatwriglit's  land,  east  side  of  Stony  Oroek,  Bufi'alo  Eidfiei 

3,  OliiicU  River  Hills,  l»ud  of  J.  0.  Taylor's  lieirs,  iiortli  sideofthB 
river,  3^  miles  aboTo  Stock  Crwtk ;  4,  Slip  Hill  ore,  wbeie  Nortli  Foit 
of  Oliuoh  Hiver  cuCa  tlirougli  fiircihiMu  Ridge. 

tAualxcal.  CBtlelt,  2.8,1,  tmilUri.),] 


So.1. 

».l 

Kn,3. 

So.*. 

l.«M 

.DM 

a.ci7 

'^1 

.MS 

25.  M 

W7» 

Si.  MS 

Inwhibl. 

B.  From  Wise  County,  Va.;  1,  2,  3,  Big  atone  Gap,  top,  middle,aii4 
bottom  layers;  4,  1:^  miles  from   Big  Stone  Gap  ;  5,  lauds  of  Virpuiii    ■ 
Coal  and  Iron  Company.     All  tbo  deposits  are  on  the   aouth  slo|wo[   , 
Wallen's  Ridpe, 


C.  From  Lee  County,  Vji.:  1,  A.  J.  Ely's  laud,  nortli  slope  of  P«m 
Valley  UidRO,  near  Pennington  Gap;  2,  land  of  W.  M.   Peoniugtoii, 

near  Pennington  Gap. 

iwiiiiiijiii,  uMiyiit.,! 


_.-A 
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D.  Iron  oro,  tiireo  miles  oast  of  Pineville,  on  north  slope  of  Pine 
Moantain,  Bell  county,  Ky. 

I  Analysis  by  Catlett.] 

Fe 43.32 

Mn 1.27 

P 120 

8 342 

SiOj 13.48 

B.  Supposed  iron  ore,  one-half  mile  west  of  top  of  Flint  Hill,  two 
and  one-half  miles  from  North  Carolina  line,  on  the  waters  of  Elk, 
Carter  County,  Tenu. 

[Whitfield,  analyst  1 

Insolable 88.48 

Fe 5.83 

Mn 1.35 

P 043 

8 039 

F.  Iron  ores  from  Claiborne  County,  Tenn.:  1,  outcrops  100  yards 
east  of  the  Russell  shaft,  four  miles  southwest  of  Cumberland  Gap ;  2, 
Oty  shaft,  Ciist  end  of  Double  Mountain,  one  and  one  half  miles  west 
of  Cumberland  Mountain;  3,  Van  shaft,  southern  slope  of  Double 
Mountain,  one-half  mile  west  of  Gap  Creek,  two  and  one-half  miles 
southwest  of  Cumberland  Gap;  4,  red  fossil  ore,  three  miles  east  of  Bi^ 
Creek  Gap,  southern  slope  of  Cumberland  Mountain;  5,  red  fossil  ore, 
200  yards  east  of  Big  Creek,  175  feet  above  creek,  on  southern  slope  of 
mountain,  Big  Creek  Gap. 

f  AnalyscH  by  Catlott.] 


SiO, 
Fa.. 
Mn 
P... 
S    .. 


No.  1.      No.  2. 


4.28 
r>5. 10 
.00 
.010 
.162 


7.43 
r>t.94 

.:m) 

.  124 
.087 


No.  3. 

No.  4. 

1 

10.79 

6.70 

44.71 

rA.  ."4 

trace. 

.43 

.108 

.72 

.269 

.214 

Nc  5. 

5.06 

.53 

.243 

.187 


G.  Ores  from  Unicoi  County,  Tenn. :  1,  Garland  land,  on  ridge 
between  Kock  and  Martin's  Creeks;  2,  land  of  W.  and  M.  Peebles, 
northern  slope  of  Little  Iron  Mountain,  near  top  of  spur;  3,  northwest 
spur  of  Unaka  Mountains,  one  and  one-half  miles  south  of  Irwin ;  4, 
old  mine  on  the  Farnnm  land,  at  base  of  hill  opposite  month  of  Sciatha 
Creek ;  6,  divide  between  the  waters  of  Rock  and  Dix  Creeks,  Hann 
tract;  6,  Bell  lands,  on  ridge  west  of  Rock  Creek,  one  and  one-half 
miles  east  of  Irwin,  700  feet  above  Irwin;  7,  land  of  W.  P.  Norri8,8ix 
miles  from  Johnson  City,  three-fourths  of  a  mile  southeast  of  BuflTalo 
Creek;  8,  west  end  of  Little  Iron  Mountain,  about  one  mile  west  ot 


loo  WASniNOTON    LAliOHATORY.  [bl-u.* 

mill,  near  top  of  bill;  9,  one-fourth  mile  soatfaeaet  from  Blue  Spring,  un 
waters  of  ladiau  Creek. 

(AuIjMibir  Vbltaald.) 


Ko.1. 

Mo.  3. 

Mo.!. 

Bo.*. 

n.a 

,ssi 
tii 

41. « 

is.ia 

l.OT 
3.N1 

a.  MS 

«1I 

3.47 

1,103 
IS.M 

p 

bwlubiB  . 

lAuljiMa  bf  CathU.] 


NO.T. 

Ben. 

40.  ST 

.S09 

.ll» 

3.77 

KftB. 
61.40 
-Til 
AM 

Fo.  

3.04 

-lie 

l&IO 

a  ore,  OraDberry  Bed,  Hitclicll  Oouaty,  X.  C. 

(AuIjbU  b;  Whitfleld.] 


TiO;,  Ni tracoa. 

Ores  collected  by  L.  C.  Johnson  in  I/onisiiiitn :  ],  Miller's  Ulaff,  Riw- 
aicr  Parisb;  2,  Aabrey,  Cliiiboiiio  Parisli;  y,  Gilmer  lield,  Phelps  Lake, 
Bossier  Parisb. 


Ores  from  Arkansas,  received  tVoin  Hon.  W,  (.1.  Wliittbonie,  from  a 
monntajn  ridge  crossing  the  line  between  Polk  and  Monlgouiery 
Comities,  between  the  two  Salinas  Creeks:  A,  niaugiinese ;  li,  iron  ore. 
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Iron  ore  from  Wood  County,  Wisconsin.  Section  32,  T.  24,  R.  4  E. 
Received  from  T.  E.  Nash. 

[Analysed  by  J.  E.  Whitfield.] 

Fe 22.15 

Mn trace. 

S 008 

P 030 

Insolable 57.70 

Manganese  ore  (impure  rhodochrosite),  from  Llanbedr,  Harlech, 
Merionethshire,  Wales.  Analyzed  by  T.  M.  Ghat^rd,  at  request  of  Dr. 
D.  T.  Day,  for  purposes  of  comparison  with  certain  American  material. 

C0« 19.04 

Mn 31.12 


A1«0, 7.63 

Fe 4.02 

SiOi 21.69 


COAL  AND   COKE. 

Two  samples  of  coke  from  near  Piedmont,  W.  Va. 
G.  W.  Harrison. 

[Analysed  by  C.  Catlett  J 


Tbonias  miuo. 

Davifl  mine. 

.25 

2.24 

89.28 

8.28 

MoiHture 

.47 

2.39 

87.14 

10.00 

Volatile  carbon 

PixtMl  carbon 

A«h 

S 

100.00 
.721 

100.00 
.645 

Received  from 


Two  samples  of  coal  from  near  Piedmont,  W.  Va.    Received  from 
Hon.  H.  O.  Davis. 

[Analyses  by  C.  Catlott] 


Moisture 

Volatile  carbon . . 
Fixed  carbon  — 
Ash 

S 


Elk  Garden 
mine. 


.70 

19.39 

72.99 

6.86 


100.00 
.880 


Davis  mine. 


.70 

22.03 

70. 53 

6.74 


100.00 
.924 


Ash  white,  coke  silver  gray  and  porous. 
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Supposed  nuthrauitv  from  iioar  UomuBy,  W.  Va.     Ueci-ive^l  from  A. 
W.  Kerobeval.    A  sliale.  i 

[Aiulyifid  bj-  C.  Callatt.1 

L  Moisliire , fie 

H  Vulutile  oarbou 7.32 

V  Ftsod  uw-bun 5.37 

■  Anh SC.fia 

Thiee  xamplea  coal,  Sharp  bank,  East  Fork  of  Big  Oreek,  Claiborne 
County,  Tenn.    Keccived  from  ,1.  R.  Procter. 


I 


(Aiulfiod  hj  C.  C-Uell-l 

Hob 

FU«I 

^ 

Top. 

110 

n.T* 
Gi.a 

BMUm. 

l.T« 
KM 

«rb™ B7.M 

mm. 

lOU-OO 

3.30 

Coke  hard  to  burn ;  dark  iu  color;  asb  brown. 

Ooal  from  Pend  d'Oreille,  Oregon.     From  Qoii.  J,  K.  Jouos. 


I 


MnUtiiro 7.56 

Volatile  citrboa 5"i.55 

i'iindcarbmi _ __ _ :M).4a 


EFFLORESCENCE     ON      SANDSTONE,    FROM      CLIFF     ORKEK,     GUNNISON 

COUNTY,  COLO. 

(i;oll,.,.t.'(l  l>y*Whil.i,si,  CraM;  nnalyz.'il  by  I..  «.  Eakin...] 


^'Zt'" 

Mil}. 

S.4-J 

f<-Ah 

>;;o::;::.:::  1 

Alkali,.K i 

IS.  711 

Tie  soliiblo  |v,irt  i(^  csae»xvA\\v  ■^\'^?i^') ^s lX\Ai . 


CHATAKD.l 
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COMMON  SALT,  FROM  HUTCHINSON,  KANSAS. 

[Received  from  Hod.  P.  B.  Plamb,  Analyzed  by  T.  M.  Cbatard.] 

HaO 92 

Insoluble 09 

CaS04 1.47 

MgClg 25 

NaCl 97.27 


100. 00 


WATER  PROM  LINCOLN  COUNTY,  N.   C. 


Spring  on  the  farm  of  Willis  E.  Hall,  3  miles  from  liowesville  post 
office,  and  20  miles  from  Charlotte. 

[Analysis  by  F.'W.  Clarke.    Stated  in  grammes  per  litre.    Total  solids,  0.642  gram.] 


SiO, 

CI 

SO4 

Ca 

Mg 

Na 

K 

CO3.  ditference... 


Fouud. 


Per  cent,  of 
total  solids. 


.0385 
.0029 
.3329 
.1514 
.0094 
.0267 
.0022 
.0780 


.6420 


5.99 

.45 

51.86 

23.58 

1.47 

4.16 

.34 

12.15 


100.00 


SlOa  ... 

CaS04  . 

CaCOs. 

MgCO, 

KCl.... 

NaCl  .. 

Na,C(), 


Hypothetical  ! 
combination. 


.0385 
.4716 
.0318 
.0328 
.0042 
.0015 
.0601 


.6405 


09.77  per  cont. 
of  total. 


SURFACE    DRA.INAGE  WATER,  ST.   AUGUSTINE,  FLA. 


[Collected  by  William  Kennish:  analyzed  by  T.  M.  Cbatard.    Stated  in  grammes  per  liter.] 


SIO, 

A1,0 

Ca.. 

Mg. 

Na.. 

K... 

SO4. 

CI  .. 

CO,. 


Fonnd. 

Per 

cent,  of 

total 

solids. 

2.40 

.25 

13.12 

2.74 
10.53 

1.61 

8.64 

17.74 

40.40 

.69 

1.88 

rfFe,0, 

.0146 
.0015 
.0796 
.0166 
.0639 
.0098 
.0524 
.1076 
.2450 
.0042 

bicarbooates. 

itofCOs 

.  5U52 
.0114 

.6066 

100.00 

SiOj 

Fe,Os 

A1,0, 

NaCl 

KCl 

CaS04 

CaH,C,Oc. 
MgH,C,0« 


Hypo- 
thetical 
combi- 
nation. 


.0146 

I     .0015 

.1625 
.0188 
.0742 
.2341 
.1009 


.6066 


\ 
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WATER   FRilM   SPBIHG   AT   MXEASSBOROUGn,   ILL. 
[K««lTed  nvm  S,  W.  Havil ;  uislytHl  by  R.  Q.  Riitt^    Suwd  in  gnmrnn  per  liter.) 


Foiioa. 

lolalwlld*. 

Snwt><isUrjil 

MmUuUlan. 

.TOW 

trwis 
.1)431 

.3W8 

1«,M 
.28 

KCT 

3.1340 
-DIM 

.lau 

.7*0 

CO, 

N«.SO. 

M«ao. 

ooao,  

c«co, 

O^OfiA 

aw>, 

AlA 

On 

Ma 

10.  ft 

lt.SI1 

fiia 

-SI 

K,  Vi«arlHif.«t6 

.now 

tLll.^t 

iwoa 

I 


WATBR  PBOM  LEBANON,  LACLEDE  COUNTY,  MO. 
gwdll.VnOftetilMp.    lieMiveclfnnn  non.  R.P.UlBIiili  nnnlyiicdbj  L.G.KKkius.    SUttdteJ 


•■ 

rtuati. 

Par  cast,  or 
rutiil  Hillds. 

Bn>MbaU«l 

.ooat! 

trnr,-. 

i'u 

Al,", 
SO,-. 

<;o,  . 

il,  hlr 



AlA   

70.  OB 

Mj!S(l.  

F,.l[^/)..   .. 

mii^ua.  - 

CbII,!!/). 

K.nco, 

Wn,CO.   

■-*'- 

iiw.oo 

^"" 

WHITFIKLI).  I 
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TWO  SPRINGS  AT  HOMINY  HILL,  AEK. 

f  Beoeived  froui  Hon.  A.  H.  Garland.    AnalyseH  by  J.  E.  Whitfield.    Stated  in  grammea  i>er  lit 

A.  OLD  OR  UPPER  SPRING. 


SiO, 

Fe.Al 

Br.  I 

BtO, 

CI 

SO4 

CO, 

Ca ... 

Mg 

K 

Na 

Li 

NH4 

H,  bicarbonate. 


Found. 


.0122 

tracroft. 

none. 

none. 

tioice. 
.0041 
.1117 
.0260 
.0034 
.0040 
.0060 
trace, 
none. 
.0010 


FreeCOj 


1693 
0276 


Per 
cent,  of 

total 
tioUds. 


7.21 


2.42 
65.98 
15.36 
2.01 
2.30 
3.54 


1.12 


100.00 


SiOs 

CaS04  ... 
CaHjCjO,. 
MgHtCaO. 
KHCO,... 
NaHCOa.. 


Fret.  CO, 


B.  NEW  OR  LOWER  SPRING. 


SiO. 

Fe 

Al 

Br.I.BsO, 

CI 

SO4 

C0» 

Ca 

Mg 

K 

Na 

Li 

NH4 

H,  bicarbonate . . 

FreeCOf 


.0100 
trace, 
none, 
none, 
trace. 
.0085 
.0629 
.0168 
.C024 
.0012 
.0036 
trace, 
none. 
.0010 


1064 
0091 


9.39 


7.98 
59.13 
15.70 
2.25 
1.13 
3.39 


.94 


100.00 


SiO, 

CaS04  ... 
CaHsCsOc . 
MKHtCvOc 
KHCOs... 
NaHCO,.. 


Free  CO, 


Hypo- 
thetical 
combi- 
nation. 


.0122 
.0058 
.0984 
.0207 
.0103 
.0219 


.0100 
.0121 
.0535 
.0140 
.0031 
.0131 
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WATER   FEOM  A   t^PRlNG  NEAE  DENVER, 


COLO. 


Fwinrt. 

Por 
muLor 

uaiiun. 

lattu 
i.W3a 

810, 

a.ar.i 

.mi 

S.HM 
trww. 
«.SgM 

.OS 

i.ei 
Ta.M 

KCI 

MeBO, 

.63 

K« 

sioT' 

~1»0.0C 

H.ESsa 

.«05« 

AlbnnLKH, 

MATtLlJA  HOT  SPRtHOS,  HEAR  SAK  BUBNAVBNTDBA, 
iNtfTIdftviaDr.  SMptmnBoiram  uudTsti  b;  R.  B.  BlgCL    SlaUA 


1 

;ntdba,  OAL.  jl 

In  emctdM  p«  UUt.]        4| 


VmiDd. 

H.i'iiiV 

coinbi- 

SiO,. 

1.3871) 

.UDT3 
.0160 

2.51 

mbci, 

MtfSO, 

c«so, 

CO, 

Ca.  — 

Me 

,1W50              3.W 

sio' 
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.,««> 

IUU.M 
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Found. 

mIIcIji. 

BMIllll- 

,n«M> 

43.MTE 

tiwos 

.t6 

KC] 

-3S4i 

iB-msn 

M.-73ae 

ALFo 

u«so. 

11,711 

iLra 

«« 

* 

~ioo.oo 

•t(«W) 

.OOM 

AJbno.  SH, 
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ILLUSTRATIONS. 


Pirate      I.  Fig.    1.  Cinnabar  crystal,  analogue  pole. 

2.  Cinnabar  crystal,  antilogae  pole. 

3.  Cinnabar  crystal. 

4.  Cinnabar  crystal,  with  reentrant  angle. 

5.  Crystal  with  gas  inclusions. 

6.  Cinnabar  crystal. 

II.  Fig.    7.  Cinnabar  crystal,  analogue  pole. 

8.  Cinnabar  crystal  with  reentrant  angle,  antilogne  polo. 

9.  Cinnabar  crystals,  with  inclusion. 

10.  Cinnabar  crystal,  analogue  pole. 

11.  Cinnabar  crystal,  antilogne  pole, 
ni.  Fig.  12.  Snbindividual  on  tectonic  face. 

13.  Illustration  of  derivation  of  tetartohedral  forms. 

14.  Section  lines  of  tetartohedral  forms  of  crystals  1  and  2  with  basal 

plane. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Division  of  the  Pacific, 

San  Ff-anciscOj  February  1, 1889. 

Sm :  We  have  the  honor  to  transmit  herewith  throngh  Mr.  G.  I 
Becker,  geolo£:i8tin  charge.  Division  of  the  Pacific,  a  paper  on  minei 
alogical  studies  of  certain  specimens  which  were  collected  during  th 
receht  examination  of  the  quicksilver  deposits  of  California. 

In  this  material  we  are  able  to  add  somewhat  to  the  previous  know! 

edge  of  the  habits  of  cinnabar  crystals,  and  to  give  measurement 

which  identify  those  crystal  forms  to  which  are  ascribed  tlie  phenomen 

of  right  and  left  rotation.    Two  new  mineral  species,  into  the  compos 

tion  of  which  chromium  enters  largely,  are  described  and  named,  whil 

the  remaining  matter  is  mostly  confirmatory  of  previous  observation 

to  be  found  in  the  literature  of  mineralogy. 

Very  respectfully, 

W.  H.  Melville, 

Chemut, 

Waldemar  Lindgren, 

AsHUttant  Oeologist. 

Hon.  J.  W.  Powell, 

Director  U,  H.  Oeological  Surrey, 
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CONTRIBUTIONS  TO  THE  MINERALOGY  OF  THE 

PACIFIC  COAST. 


By  W.  H.  Melville  and  W.  Lindoben. 


GINNABAB  OBTSTALS  FBOM  NEW  IDBLA.,  OALIFOBNIA. 

While  examinmg  the  collection  made  by  the  U.  S.  Geological  Survey 
at  the  New  Idria  qaicksilver  mines,  oar  attention  was  drawn  to  a  num- 
ber of  very  minute  cinnabar  crystals  having  a  somewhat  uncommon 
habit.  They  were  obtained  from  Superintendent  J.  W.  O,  Maxwell, 
who  had  washed  them  out  from  a  soft  ore  occurring  in  the  upper  work- 
ings  of  the  mine.  The  ore  was  in  all  probability  a  soft  gray  arkose 
sandstone  impregnated  with  cinnabar.  Examination  showed  that  the 
apparently  simple  crystals  have  generally  a  thin  tabular  habit  and 
present  the  forms  OBj  — §22, — ^jR,  combined  with  tetartohedral  faces  of 
more  or  less  complicated  nature  mostly  in  the  zone  of  the  terminal  edge 
of — %B,  The  crystals  are  collective  individuals  built  up  of  alternating 
layers  of  substance  with  opposite  rotary  power,  dextro-gyre  and  levo- 
gyre,  arranged  with  approximately  parallel  axes,  the  resulting  struct- 
ure being  in  many  cases  quite  complex. 

Long  ago  Des  Oloizeaux^  discovered  that  cinnabar  belonged  to  the 
small  class  of  substances  which  exhibit  circular  polarization,  and  that 
it  rotates  the  plane  of  polarization  more  strongly  than  any  other  known 
substance.  He  also  found  that  almost  all  of  his  sections  cut  perpen- 
dicularly to  the  axis  did  not  belong  to  simple  crystals,  but  showed  a 
combination  of  right  and  left  turning  parts  analogous  to  the  well- 
known  phenomena  observed  in  quartz  and  its  variety  amethyst.^ 

In  1871  A.  D'Achiardi  ^  discovered  tetartohedral  faces  of 

^and^^^ 
4  4 

but  we  are  not  aware  that  he  determined  their  position.    Dana^  re- 
cords one  scalenohedron,  ^BS. 


^Comptes  Rendas,  vol.  44,  p.  876. 

'Rammelsberg,  in  Handbnch  der  krystall.  Chemie,  Berlin,  p.  81,  states  erroneoasly 
that  only  left  turning  crystals  have  been  noted.  i 

•Boll.  Com.  Geol.  Ital.,  vol.2,  1871,  p.  163.  The  monogr&^\i ot  ^V^'a\iw^v^»««.v^^vss^- 
Aoad.,  vol.  6)  ia  unfortnnately  not  acceasWAe  to  us. 

^ASystemofMineraXogy,  by  J.  D.  Dana,Mt\i  ftvWWo\i,\$J^>V-''^'^'  .^. 
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i^Thc  crystals  hitli(M-t<)  foiinil  in  thv-  (Jiiliroriifii  iiuickMilver  mines  har^ 
(Kher  a  iirianmliu  or  a  rhotnbuliedi-al  habit  ami  prfHOiit  no  uucommoi- 
i>rin».'  In  the  tliin  sootions  madu  by  tlio  Survey  for  the  petrograptat 
iul  Htudy  of  tbo  igiikkmlvnr  mines  of  the  Pocilic  coast,  the  cinuAhar 
Themever  urystallized  hstt*  a  jiriHruiitii!  habit.  The  tabular  crystals  now 
inder  consideration  are  v^try  small,  almost  microscopic,  the  diametav 
if  which  range  from  ().(l5  """  to  O.fl""",  and  the  thicknesses  from  0.( 
»  0.2""".  The  trai^cKuhtidral  faces  which  rejilac*  the  terminal  edges  of 
■he  rhonibobedronH  jni  ninch  bniken  and  eurvod  in  the  larger  crystal^ 
rliilc  ill  rlic  (smaller  they  are  sometimes  4iiiit«  well  develoiied  and  n 
urge  an  \o  intliinnne  the  general  triangular  habit  of  the  tables.  The. 
lultviiliiiilR  are  nfteii  grouitcd  in  nior«  or  less  complex  hnnches  and', 
m-gnhvrly  titter  penetrate  one  another;  two  crystals  may  be  frequendf 
■een  rorini-iitcd  In  such  a  way  that  oiio  has  grown  either  i>er]>eii<licu1ari7 
i(oblJ<|iicl,v  lutu  the  basal  piano  ofthe  other.  There  does  not  appearU' 
jfrouy  general  hiw  governing  thcHc  groupings. 

|bOu  account  of  the  tabular  habit  and  their  minitte  dimensions  tfaegt 
Bystals  arc  ailmi^ably  adapted  for  optical  examination.  They  an 
ranHlncent  and  tleep  rwl  lu  oolor,  the  tint,  however,  being  so  dark  tJiat; 
he  phenomena  can  ouly  he  properly  observed  with  low  ot>jeotiTa& 
-he  ap|inrently  simple  crj'citais  present,  when  examined  in  parallfll^ 
lularizBil  light,  coimidorable  tectonic  complications.  On  accoant  of  thfr 
Deble  gyroid  power  of  <iuart£  this  phenomenon  can  not  be  well  observed! 
n  very  thin  sections  of  that  mineral  with  common  light.  Ginnabai^ 
un  the  other  hand,  rotating  the  plane  of  polarization  more  than  qaartz, 
according  to  Des  Cloizeanx's  meusnreinents,  fifteen  to  seventeen  times 
as  strongly,  shows  tliis  property  very  well  in  the  titbnlar  crystals.  The 
exact  value  of  tlic  siiiglc  is  difficult  to  determine  on  acconot  of  the  dark 
color  in  tnmsmitted  light.  Tlie  crystal  in  Fig.  10  is  drawn  with  the 
analyzer  SiP  to  the  riglir,  its  thickness  is  (Mt!)""".  This  gives  a  rotation 
of  289°  for  1""",  or  16.8  times  as  large  as  that  of  ipiartz,  which  for  the 
red  line  C  is  17.2.  The  arrangement  of  the  dextro-gyre  and  levo-gjTe 
parts  is  evidently  governed  liy  the  law  of  regular  grouping  with  parallel 
positive rhombohedrons,  as  in  quartz,  although  there  is  rea.son  to  believe 
that  the  law  is  not  strictly  but  only  approximately  true.  The  devia- 
tions at  iill  events  are  small. 

(!eiier;illy  spe:iking  a  composite  crystal  is  formed  of  six  sectors  of 
Q(P  angle,  who.se  directions  of  rotation  are  ditterent,  as  illustrated  in 
Figs.  7  and  8.  Tlie  numbers  of  right  or  of  left  turning  sectors  are  not 
constant,  but  may  alternate  regularly,  or  several  adjacent  sextants  may 
be  composed  of  the  same  substanci'.  In  the  latter  case  they  are  usually 
separated  by  a  narrow  band  of  opposite  rotary  ])ower  and  marked  by 
a  reentering  angle  between  rhonibohedral  and  trayiezobedral  planes 
{Figs.  4  and  7).  With  crossed  nicols  the  sectors  have  a  dark  intenne- 
iliatp  tint  trii\'er.'*ed  V»y  Wawb  tsu\\^tu\fi  lines,  indicating  overlapping  of 
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the  difierent  parts.  These  black  bars  move  a  short  distance  when  the 
analyzer  is  turned.  Deducted  from  the  amplitude  of  the  movement 
and  the  thickness  of  the  crystal  the  dividing  i)lane  was  found  in  some 
instances  to  have  an  inclination  of  110^  to  120o  to  the  basal  plane. 
Very  firequently,  however,  the  dividing  surface  is  altogether  ii-regular, 
and  often  only  shadows  moving  indistinctly  can  be  observed  on  turning 
the  analyzer,  as  in  Figs.  5  and  6.  There  are  not  uncommonly  found 
alternating  parallel  layers  within  one  sector,  appearing  with  crossed 
nicols  as  a  system  of  black  equilateral  triangles.  Thin  cuneiform 
pieces  of  different  rotary  directions  are  inserted  in  larger  areas  which 
are  uniform  in  rotation.  When  the  crystals  rest  on  the  basal  x)lane 
they  remain  i>erfectly  isotrope  on  turning  the  table  of  the  microscoi>e. 
Exceptionally  a  faint  change  in  the  intensity  may  be  observed  in  isolated 
places,  as  in  Fig.  9  at  the  point  marked  A  in  the  dextro-gyre  section. 
The  cause  is  probably  a  local  state  of  tension. 

Gas  and  fluid  inclusions  have  been  recognized.  The  latter  are  small 
and  have  sometimes  a  movable  bubble  which  does  not  change  in  volume 
on  heating.  The  gas  inclusions  often  take  the  form  of  negative  crys- 
tals. In  Fig.  8  a  series  of  beautiful  inclusions  are  represented.  They 
surround  a  hexagonal  figure  in  the  interior  of  the  crystal,  the  sides 
of  which  are  parallel  to  the  rhombohedral  planes,  and  appear  in  trans- 
mitted light  deep  black  on  the  red  background  of  the  crystal.  A  small 
red  spot  is  to  be  seen  in  the  center.  This  phenomenon  is  easily 
explained  by  the  very  high  refracting  i^ower  of  cinnabar  £=3.20,  con- 
siderably higher  than  that  of  the  diamond.  The  angle  of  total  reilec- 
tion  is  consequently  about  20^^.  j^  reflected  light  the  inclusions  appear 
brilliantly  red  on  the  now  black  biickground. 

Crystal  farms. — RliombohedronH :  In  order  to  determine  the  symbols 
of  the  crystal  faces  an  attempt  was  made  to  measure  them  under  the 
microscope  ypth  micrometer  screw  and  eye-piece.  It  was  found,  how- 
ever, that  the  error  in  the  very  small  vertical  measurement  was  so  large 
as  to  seriously  impair  the  results.  The  next  resort  was  the  determi- 
nation  of  the  rhombohedral  faces  and  the  calculation  of  other  forms, 
as  far  as  possible,  by  means  of  their  zone  relations  and  horizontal  meas- 
urements on  the  stage  of  the  microscope.  The  rhombohedral  faces 
and  basal  plane,  in  spite  of  the  minute  size  of  the  crystals,  gave  toler- 
ably good  signals  in  a  Fuess  goniometer,  and  in  a  series  of  the  larger 
crystals  the  zone  [0-B,  B]  was  closely  measured,  as  shown  in  the  follow- 
ing table: 
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IK      It 
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38 
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Cryatat/was  aabjected  to  n  revolation  of  360°,  uid 
were  tukeu,  iw  follows: 
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B,t«»™r. 

QUA  -|B 

41    ISi 
188    *S 

138    411 
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ue  u 

-JfiA     OJl 

41      11 

3011 
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Beflected  light,  but  no  eigiial,  was  obtained  from  planes  — Jif, — qo  R 
and  possibly  +mR  iD  this  same  zone. 

Crystal  g  coutained  the  prism  face  — «  K  as  shown  by  measurements 
in  zone  [Ofl,  — §fi]: 


'mal!..'""^'  ; 

OKA 
(/■■A 

-5K 

::.; 

On  crystal  h  the  following  measurements  were  recorded: 


11 

'"=■"" 

Iiillirruill. 

-iKA-  u; 

S     11 

-liif^Di; 

iL    M 

-JKA      0« 

32    19 

-iliAOlC 

HT    11 
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+    A- A  OK 
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1        +  KAOK' 

121    M 
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Also  in  the  same  zone  reflected  light  from  prism  planes  was  observed. 
These  latter  planes  are  very  narrow,  occur  along  the  lateral  edges  of 
the  tabular  cinnabar  crystals,  and  are  quite  common,  but  in  rare  cases 
only  can  good  signals  on  the  goniometer  be  seen. 

The  rhombohedral  face, — §22,  is  invariably  perfect,  and  the  basal 
plane,  OlS,  is  usually  so ;  but  the  latter  is  oftentimes  broken,  the  angle 
between  it«  parts  sometimes  amounting  to  1^.  In  some  crystals  the 
irregularities  may  be  seen  to  follow  the  line  between  dextro-gyre  and 
levo-gyre  substance,  indicating  that  the  positions  of  the  different  parts 
are  not  strictly  parallel.  Planes  of  the  rhombohedron,  — ^i^,  on  the 
other  hand,  never  give  good  reflections  and  are  always  striated.  These 
striations  are  parallel  to  the  combination  edges  of  the  rhombohedral  face 
and  the  trapezohedral  faces  on  either  side.  They  are  interesting  and 
will  be  subsequently  considered.  Positive  rhombohedral  forms,  +mi2, 
are  seldom  present.  In  Fig.  9  one  small  face  of  +%B  (r^)  and  one  of + ^B 
(Tz)  are  noted. 

In  giving  the  negative  sign  to  the  dominant  rhombohedron,  we  were 
led  by  considerations  based  on  the  nature  of  the  trapezohedral  faces, 
as  well  as  by  previous  descriptions  of  the  habit  of  cinnabar  crystals. 

The  simple  forms  observed  are  tabulated  thus : 


Naumann. 

BT»vai8.Mmer 

OR 

-IR 
—  R 

+  R 

ooR 

(0001) 
ic(O^) 
ic(0lT2) 
ic(OlIl) 
ic(lOll) 
ic(ao23) 
ic(10l2) 
ic(lOTO) 

Of  these  forms  022  and  ^%B  are  by  for  the  most  prominent. 

Some  typical  crystals  were  selected,  mounted  in  balsam  and  drawn 
under  the  camera-lucida.  The  greatest  care  was  taken  to  reproduce  a 
perfect  image  in  the  drawing,  and  this  position  of  the  crystals  seemed 
best  adapted  to  illustrate  their  irregularities  and  the  relations  of  the 
trapezohedral  planes  to  the  other  forms.  The  drawings  could  be  made 
conveniently  only  with  strong  reflected  light.  Whenever  special  meas- 
urements of  angles  in  a  horizontal  section  were  necessary,  they  were 
made  by  cross-hair  and  graduated  table  and  were  not  taken  from  the 
drawings. 

Tetartotrapezohedrons. — Obliquely  replacing  the  terminal  edges  of 
—%B  and  ^^B  (Figs.  1  and  3),  there  appeared  a  series  of  faces  often 
broken  and  irregular*  which  from  their  position  and  connection  with  the 
dextro-gyre  and  levo-gyre  substance  of  the  cinnabar  could  only  be  re- 
garded as  tetartobedr^  forms  of  a  ^iUex^^oxxA YS'WiojcA*  T^^\5s^*s^^^^ 


^■^^B         HI.VERAJ.OOY   OF    TlIK    PACIPIC    ('OA»T. 

rose  from  the  fact  that  in  mauy  iudividuala  tbtMu  forms  were  more 
argvil;  developer),  than  in  any  cinnabar  crystaU  beretofore  described. 
?rapezohedraI  faces  tying  in  the  terminal  zone  of  R  have  been  observt^ 
n  quart.z  crystalH'  and  ou  hypoiodate  of  t^odium'  but  there  seems  to 
10  no  record  of  such  faces  in  a  zone  of  more  obtuse  forms. 
Ihe  relation  between  the  sectors  of  diflereut  rotating  power  and  the 
ropezohedral  faces  mn»t  now  be  considered.  Applying  the  law  of 
bombobedral  heraihodrism  to  the  dihoxagonal  pyramid  m/'n,  two  scaten- 
hedrons,  i'^^^or  i  m'Rn',  are  derived,  which  differ  in  positiou  by 
U°.  Again  applying  the  law  of  trapezotiedrul  tetartoliedriHin  M 
:?^  we   obtain  four  enanliomorph    forms,   i'"-^"  and    L("^ 

igfat  and  left  trigonal  trapezohetlrous.  Furthermore,  the  buxagoiial 
yramid  of  the  second  order,  »(iP2,  when  8nbjeet*;d  U>  trapezobedral 
Btartohedrism,  yields  two  trigonal  pyramids  r'"   "  and  ('"       which 

an  be  regarded  as  the  linUtK  between  positive  and  negative  trigonal 
■apeKohedrons  (Fig.  13). 

The  connection  between  the  trapezohedral  forms  and  the  rotating 
irection  in  the  case  of  quartz^  is  as  well  known  aa  that  dextro-gyre 
rystals  are  modified  by  planes  of 

iind  levo-gyre  crystals  by  planes  of 

, -if, +,!«f-,_r  •»/-». 

If  the  positive  rliombolietlron  slionid  be  taken  as  negative,  the  first 
of  tlie  two  divisions  above  would  correspond  to  levo-gyre,  and  the  second 
to  dextrogyre  crystals. 

In  coml>inatiou    with  a    positive  rhoiiibohedrou   in    right  turuing 

crystals*  (the  face  of  +R  being  held  in  front  of  the  observer),  r^—^ 
is  placed  on  the  right  terminal  edge  obliquely  towards  the  observer; 
—I  '"'*''  lies  Iwtwet-ii  r  "*{*"  iind— AK,  and  +r  "'^'"  rei)laee8  the  combina- 
tion edge  of  +Kand  i-"*^'^. 

the  other  side  of  this  terminal  edge.  In  combination  with  a  negative 
rhombohedrou  the  relations  are  reversed,  so  that  the  dextro-gyre  forms 

1  WebBky  oil  quiirtK  crystals.     Ntuus  JnlirbiiKli,  1871,  p.  73i, 
'Orotli:  PliyHik,  Krystnll,  IrtTU,  ji.  ;H«. 
'Grotli:  PUynW.  KtyBUW.,  W"!'.'.,  v-'-Wt, 
•P.  Grotli:  MonatsbuT\c\\li\.  WvWw  ^\.w\„vm- 
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here  correspoiicl  in  relative  positions  to  the  levo-gyre  forms  in  the  case 
of  the  positive  rhombohedron. 

In  order  to  determine  the  nature  of  these  trapezohedral  faces  and' 
'the  form  to  which  they  belonged,  measurements  in  the  horizontal  section 
were  taken  of  the  angles  which  the  combination  edges  of  ( — mBAOB) 
made  with  those  of  the  trapezohedral  planes  over  the  same  basal  plane. 
The  crystal  in  Fig.  1  w£^  chosen  for  this  purpose  and  the  angles  on 
both  the  analogue  and  the  antilogue  poles  were  B'Scertained  by  means 
of  crosshair  and  stage  of  the  microscope.  The  angles  in  Fig.  1  are 
designated  or,  /?,  etc.,"  lettered  in  order;  those  in  Fig.  2  are  self-evident. 
In  the  first  series  of  measurements  low  magnifying  power  was  employed, 
and  in  the  second,  higher  power  for  the  determination  of  the  angles 
where  two  trapezohedral  faces  formed  re-entering  angles.  The  latter 
should  be  accurate  within  one  degree. 


First  series. 

'  Second  series. 

Fig.l. 

Fig.  2. 

Fig.  1. 

o 

a  =  141 
/5  =  100 
y  =  137 
a  =  103 
n=135i 
fl  =  104 

o 

Above  d=  140 
Above  c—  99 
Above  6  =  137 
Above  a =104 
Above /=  136 
Above  c=104J 

o 

a=138i 
^—  99 
y»  =  139 
y»=183 
a  =100 
ij>=.130 

n»=i85i 

0  —1031 

The  angles  lettered  y^  and  tf  are  re-entering  and  are  formed  by  two 
trapezohedral  planes.  Those  edges  forming  y^  make  with  the  combina- 
tion edge  ( —  mRA  OB)  on  the  right  angles  of  1 39^  and  142^,  respectively, 
and  those  forming  rf  make  io  the  same  way  angles  of  130^  and  135^^, 
respectively.  That  these  trapezohedral  planes  belong  to  tlie  same 
class  of  derivatives  from  the  scalenohedron  and  possess  the  same 
general  symbol,  is  evident  from  Fig.  14,  in  which  is  shown  the  projec- 
tion of  the  combination  edges  of  the  negative  rhombohedron,  —  wR, 
and  of  the  trapezohedral  planes  with  the  basal  plane.  The  heavy  lines 
represent  the  positions  of  these  edges  as  they  appe<T.r  in  Fig.  1,  and 
the  dotted  lines  the  corresponding  edges  of  Fig.  2  in  their  true  rela- 
tion to  the  crystal  and  Fig.  1.  Figs.  13  and  14  show  further  that  the 
trapezohedral  planes  in  relation  to — mB  have  the  general  symbol 

-f  r^— ^  and  that  the  angles  may  vary  in  the  basal  section  of  (1)  +r—~~ 
4  4 

for  a*  from  120o  to  ISQo,  and  for  /3  from  90o  to  120o ;  /3  on  left  hand 
(2)—!*^  for  a  from  150°  to  180©,  and  for  /3  from  60o  to  90O;  ft  on  left 


Ball.  61 


*  Compare  Fig.  11. 

^  y3=the  less  obtUBe  aTxg\Q, 
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right  Laiid(4)— r^:^  for  rt  from  150°  U)  180°,  and  for/?  from  60oto  900;  , 

fi  oil  rijibt  liaiid.     From  tbo  discuaslou  »1>ove,  the  tetartohedral  plaoes 
must  beloug  to  the  form  trigonal  trapezohedroD,  and  iii  this  special 


in  the  angular  measurements  of  the  basal  section,  as  in  a,  y\  ?/  and  Id 
fi,  d,  fl,  the  trapezohedral  planes,  three  above  and  three  below,  mnst 
constitute  a  complete  form,  and  we  are  obliged  to  seek  explanation  of 
these  discrepancies  in  the  errors  of  measurements,  in  the  distortions  of  . 
the  crystals,  and  in  the  fact  that  narrow  planes,  almost  mere  lines,  ' 
which  are  present,  ma;  correspond  to  missing  trapezohedral  faces. 
Unfortunately,  these  narrow  planes  scarcely  admit  of  a  representatioD 
ou  the  scale  of  the  drawings,  and  much  less  of  even  an  approximate 
measurement. 

On  studying  the  relatious  of  the  angles  a  and  p  to  the  other  part«  in 
man;  crystals,  it  was  discovered  that  in  the  dextro-gyre  sectors  tli» 
angle  fi  is  always  on  the  left  side  when  the  irai>ezohedral  face  is  held 
towards  the  observer,  and  in  levo-gyre  sectors  on  the  right.  This,  con- 
sidered In  connection  with  what  has  been  said  before  concerning  tlie 
positions  of  trapezohedral  faces,  can  only  be  true  if  we  consider  the 
dominant  tbombohedron  negative,  always  of  coarse  under  the  supposi- 
tion tlifit  the  relation  between  differently  rotating  substiwice  and  the 
trapezohedrons  (see  p.  16)  is  the  same  as  in  quartz.  If  we  reverse  this, 
the  rhombohedron  must  be  considered  positive.     The  most  common 

face  is  that  of  +(—  "  in   the  left  turning  sectors  and  of   +r^^ 
4  i 

in  the  right  turning;  negative  trapezohedrons,  where  the  angle  >S<90° 

are  quite  rare;  twice  p  wjis  mea.sured  to  'M°,  corresponding  to  a  section 

line  of  a  trigonal  pyramid. 

The  larger  and  more  regular  planes  replacing  the  terminal  edges  of 

the  rhombohedrons  appear  to  be  exactly  in  the  zone  of  [  — Sj  R,  +  i  B], 

since  under  the  microscope  the  comhination  edges  of  the  trapezohedral 

face  with  the  ndjoiuing  rhombohedral  faces —  '^E  are  parallel  and  make 

with  the  combination  edge  ( —  3BA  Oil;)  on  the  right  and  left  respectively 

equal  angles  of  150*^  in  the  horizontal  projection.    On  the  goniometers 

faint,  elongated  Hash  of  light,  scarcely  to  be  called  a  signal,  was  reflected 

from  each  of  these  planes  in  the  zone  [ — gff,  —  gfij.     Calculated  from 

the  observed  values  of  /3  and  the  zone  eijuation  complex  symbols  of  the 

trapezohedral  forms  are  obtained.     It  was  found  b;  comparison  of  the 

different  values  that  the  position  of  the  planes  oscillates  about  the 

simpler  forms +K'-^  and+ls^?,  kx"    [li.4.6.15]     corresponding  to  ft 

valae  of  /S=  100°  5S'  + ,  but  on\j  Oftoft  BJi^xi^W^  measured.     The  following 
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table  Bhows  the  angles  /0,  measured  on  several  crystals,  and  the  more 
obtose  angles  a  corresponding  to  these.  The  third  colamn  coDtains 
the  measnied  angles  a,  and  the  foorth  the  symbols  calcalated  from  the 
angle  ft. 


^  measured.  * 

tt=240O— ^. 

a  meMured. 

^  ,         mPn 
Sjrmbols, -j-r  ^ 

O         ' 

When^=     93 
95 
99 

100 

100    53 
101 

102 

103 
104 
105 
107 

o      / 

a=:147 
145 
141 

140 
139   7 
139 

138 

137 
136 
135 
183 

o 

Va :  a' :       Va"  :  ?« 

^,«a  :  a'  :       Ifa"  :  ftc 

^a:a'  :       Va"  :  i?« 

r       ^a.a':       |?o"  :  fo 

I  2.880a  :  a' :  1.582a"  :  0.407o 

f        3a  :  a' :          ja"  :  |o 

2.999a:  a':      1.5a"  :  0.4c 
r         3a  :  a'  :          ia"  :  |0 
I  3.015a  :  a' :  1.496a"  :  0.3996e 
f      i/a:a' :       ^a"  :  fe 
(  3.165a  :  a' :  1.462a"  :  0.396<; 
x^:a':       Va"  :  /jC 
Ja  :  a' :         ia"  :  /gC 
Va  :  a' :       Va" :  A« 
Ya  :  a' :        \la"  :  \e 

139 

(*) 
139i 

137 
136 
134i 

*  Not  measared. 

The  freqaent  occorrence  of  trapezohedrons  on  quartz  with  complex 
symbols  has  often  been  commented  on.  Websky^  has  attempted  to 
expliun  these  by  the  theory  of  the  induced  faces,  supposing  the  crystal 
to  be  built  up  of  alternating  layers  of  substance  turned  ISQo  around 
the  vertical  axis  so  that  in  this  twin  position  +R  of  one  individual 
covers  — B  of  another.  The  trapezohedral  forms  in  the  upper  layer 
are  consequently  influenced  by  those  belonging  to  a  different  series  in 
the  lower  layer,  and,  not  being  able  to  develop  in  their  proper  places, 
th^  take  positions  intermediate  between  these  and  those  of  the  induc- 
ing foce.  This  view  seems  not  improbable  in  the  present  case  under 
discussion. 

Even  in  the  more  regular  crystals.  Figs.  1,  3,  7,  the  trapezohedral 
fkces  are  seldom  perfectly  smooth,  but  generally  slightly  broken  and 
carved.  Figs.  7  and  10  show  this  tendency  increased  {t  and  d^^  Fig.  6 ; 
nfj  u,  Xj  Fig.  10).  Finally,  in  Figs.  5, 6,  and  9  the  faces  are  exceedingly 
Foagh,  and  broken  into  a  number  of  irregular  planes.  Such  phenomena 
have  also  been  observed  on  the  tetartohedral  faces  of  quartz  crystals.' 
Partially,  at  least,  these  irregularities  may  be  explained  by  the  hypo- 
parallel  position  of  the  differently  rotating  parts  composing  the  whole 
crystal.^ 

The  fact  that  the  basal  plane  is  frequently  broken,  confirms  the  ex- 
planation just  given.    It  appears  peculiar,  however,  that  the  rhombo- 

^See  paper  regarding  Qaartz  Crystals  from  Strigau  in  Neues  Jahrbuch,  1871,  pp. 
132,  785. 
«  Websky.    Uber  Deformitaten  an  Quarz-kryataWeii.    't^^TV^^s  3\CoLx\i\vi>xA^"^  >^'^'^' 
^JSadebeck.    Krysiallotekiionikf  p.  184. 
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bedral  faces, —  ^li,  <1o  uot  show  more  markedly  tUe  o&ectd  of  tbisbjr- 
poparallelJHtn  if  it  is  really  the  ciiuso  of  all  tlie  (tisturbances.  On  the  ' 
goDiometer  the  rejected  siguals  firoia  —  ^R  are  trequcotly  duplicated,  ] 
bat  striatioos  are  wauting. 

The  tectonic  face  of — JKhaslieeii  alluded  to.  This  face  presents  , 
iiregalarities  which  under  strong  objectives  appear  as  distinct  figare*. 
formed  by  trapezohedrons  and  rhomboliedroua,  Fig.  12.  Sotnetinws 
the  whole  face  is  covered  by  these  protruding  "  subindividuaU,"  boi' 
dered  by  vicinal  planes,'  causing  either  a  rough  (Drusigkeit)  or  a  stti- 
ated  appearance,  Fig.  I'J  a,  b,  Fig.  5.  The  tendency  of —  Jfi  to  form  vid- 
nal  faces  is  well  shown  in  Fig.  8,  and  is  illustratetl  by  the  irregularly  rna-  ■ 
ning  edge  ( — |Ka  —  iH)-  When  re-entering  angles  are  formed,  whidi 
is  very  often  the  case,  then  the  edge  { — JRaOS)  becomes  broken  and 
irregular,  thus  accounting  in  great  measure  for  the  large  variation  of 
/9  in  the  table  on  page  19.  In  Fig.  i  at  the  point  marked  st'"  there  i» 
a  coarse  striation,  which  under  strong  objectives  can  be  seen  to  be  das 
to  the  combination  of  —  iB  with  a  trapezohedrou,  the  same  which  IJOi> 
in  zoaa\—%R,  —  -iR]. 

Description  of  crystals. — Crystal  1,  Figs.  1  and  2.    Rather  nniform-- 
ly  built  and  principally  of  destnigyre  substance.    Angle  fit  i 
ured  99°,  angle  /3b  1035°.     Both  trapezohedral  planes  have  the 

eral  symbol  +r^^  and  lie  on  either  side  of  -fr*-^.    The  symboli  \ 
corresponding  to  the  measured  angles  are,  aa  shown  ou  page  19,  « 
+  r"     '    iiud  +  c-O^ — ^respectively.     There  are  other  triangular  trape- 
zohedral planes,  m,  n,  p,  fj,  which  belong  to  a  more  acute  form  than 
those  determined.    The  symbols  of  these  could  not  be  ascertained  either 
by  measurement  or  by  zone  relations. 

Crystal  2,  Fig.  3,  has  two  well- developed  trapezohetlral  planes,  and 
angle  /i„  measured  103'^,  and  ^^  103°.     Corresponding  to  this  angle 

4  4 

The  upper  edges  show  some  irregular  trapezohedral  faces. 

Crystal  3,  Fig,  4.  A  re-entering  angle  is  formed  by  r„  and  a  broken 
trapezohedral  face  k.  A  narrow  plane  lying  in  the  zone  [r„,  r„]  belongs 
probably  to  the  trapezohodrou  of  which  b  forms  a  part.  There  are 
present  one  right-handed  and  one  left-handed  trapezoUedron, 

b=  +  f'~-'^^''  and  ^=  +  ^^^'■^^"^.,  where  y?b  and  /3t=105o 

Crystals  4  and  '>,  Figs.  5,  0.  These  crystals  show  how  the  irregulari- 
ties of  the  trapezohedral  faces  increase  as  the  complexity  of  the  arrange- 
ment of  dcxtro-gyre  and  le\o-gyre  parts  increases.  It  does  not  seem 
improbable  that  most  of  the  deviations  from  the  correct  positions  of  the 

'Woltsky.  ZiiitscU.  Bo.iit»ft\».  ¥.oiA.  G«wiU.,  vol,  ir.,  p.  (577,  B«tlia.  Sodebeck, 
Krj-atalfoloktonil;,  p.  IX>. 
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faces  are  ciiased  by  a  conflict  between  series  of  forms  of  different  rotai^ 
ing  power  belonging  to  cinnabar.    r„;( — ^jB),  as  well  as  r„( — §B)  be- 
comes very  prominent  and  is  characterized  by  striations  and  grooves. 
Crystal  6,  Fig.  7  and  Fig.  8  opposite  poles.    Built  of  alternating  sec- 
tors with  smooth  trapezohedral  faces. 


Angle 
measared. 


FiK.  6a. 

o 
105 

10& 


Fig.  66. 


104 
97 


Symbol. 


+rAZV 

^       4 


+« 


hPf( 


u 


4 


+J 


iPll 


4 


In  Fig.  7,  at  the  lower  right-band  of  the  drawing  a  re-entering 
angle  appears,  causing  a  thin  wedge  of  dextro-gyre  substance  to  occur 
in  a  levo-gyre  sector.  At  this  part  of  the  crystal  there  are  three  planes, 
Pj  t^,  ^,  the  special  symbols  of  which  could  not  be  determined.    The 

The  triangular 


plane  t'  belongs  to  the  form  + 1  ^^,  and  t^  to  —r^^"' 


4   '  4 

planes  o,  o'j  p  are  probably  more  acute  trigonal  trapezohedrons.  The 
re-entering  angle  at  d  was  so  irregular  and  the  combination  edges  with 
OJS  so  broken  that  no  reliable  information  could  be  obtained  concerning 
the  planes.  The  opposite  pole,  Fig.  8,  does  not  present  such  complex 
combinations  of  forms. 

Crystal  7,  Fig.  10,  is  very  similar  to  crystal  7,  but  almost  wholly  levo- 
gyre.    Measured,  /3u=103^j  /^j7=95o.    Therefore 

14= + r^^,  and  0?= + liJL^ 
4  4 

The  remaining  planes  were  not  determinable.  Fig.  11  represents  the 
antilogne  pole.    >S,  yS',  /3"  measured  lOCo,  107°,  103°,  respectively. 

Crystal  8,  Fig.  9,  is  levo-gyre  for  the  most  part,  and  exhibits  beautiful 
gas  inclusions.  The  usual  trapezohedrons  are  here  present  with  combi- 
nation edges  very  much  broken.  Plane  g  is  probably  a  trigonal  pyramid, 
for  angle  >5=90'^,  while  the  measured  angle  a=150o  {g  :  r,„  on  the  right). 


The  form  is  then  r 


mP2 


r2=+i}ie  and  r^^+^B. 


CTNVABAR  CRYSTALS  FROM  SULPHUR  BANK,  LAKE  COUNTY,  CAL. 

In  the  collection  of  the  Survey  appears  a  coating  of  cinnabar  crystals 
upon  an  argillaceous  rock,  which  has  resulted  from  the  decomposed  and 
disintegrated  basalt  abounding  in  the  quicksilver  workings  at  Si\lx^\^\vs. 
Bank.    Throughout  this  rock  run  seam»  ol  i^eT«Q\^>a\^^  ^^'i  Vtov^^  V^^- 
aWj  marcasite,  and  pat<5hes  of  this  mmeraX  toYvn  \\i<^  \\\i\\^^  ^^  ^•2c^>^a^^^ 
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upou  whiiih  Iiiivc  growu  calcite  crystals.   Uiimabar  is  also  very  abuudatit  { 

in  the  mass  of  the  rock,  and  in  many  places  has  crystallized  contempo-  j 

raneously  >^itli  tLc  calcite.     The  crystals  in  the  coatiog  are  brick-red,  j 

possessing  a  rather  metallic  luster,  by  no  ineaus  so  highly  adamantine  1 

as  the  tabular  crystals  from  New  Idria,  while  the  powder  yields  a  bril-  ^ 

liant  Vermillion.    The  crystals,  varying  in  diameter  from  0.5  to  0.15™.  | 

were  fonnil  to  be  simple  rhombohedrons  with  no  other  hexagonal  modi-  ^ 

ficatioit.    The  rhombohedral  faces  are  carved  mnch  as  they  often  arp  in  ( 
uiuerai  dolomite,  and,  owing  to  this  fact,  as  well  as  to  the  dull  lusUr, 

great  difhonlty  was  experienced  in  obtaining  close  measnrements.    Tbe  * 

most  reliable  angalar  measurements  were  those  taken  over  the  terminal  j 

edge  of  the  rhombohcdron.     This  angle  is  74°  40'  between  normals,  \ 

the  mean  of  over  a  dozen  determinations,  from  which  is  deduced  ilie  J 

symbol  ±  ■(  li.  The  calculated  angle  for  ±  JB  is  76^  SJ'  between  normals,  ] 

or  ]  04°  51  ^'  interfacial.  ] 

CINNABAR  CRYSTALS  FBOU  ENOXTILLE,  NAPA  OOTTNTT,  CAL.  1 

Large  masses  of  marcasite,  which  is  often  vesicular  and  carries  frag-   | 
ments  of  quartz  and  opal,  occur  in  the  quicksilver  deposits  at  Knox-    ' 
ville.    The  marcasite  is  frequently  crystallized  in  the  cavities.    Meta- 
cinnabarite  forms  the  greatest  part  of  the  sulphide  of  mercnry  which    ' 
these  specimens  contain,  while  upon  its  surface  brilliant  needles  of  cin- 
nabar have  crystallized  sometimes  in  tufts  and  again  in  irregular  net- 
work.   The  needles  vary  in  length  from  0.5  to  2"""  and  their  diameter 
is  rarely  greater  than  0.1'°'".     Excellent  measurements  were  obtained 
which  resulted  in  the  identification  of  the  crystal  forms  —  JB  (or+Jfi) 
and  the  hexagonal  prism  co  P  (or  ±cc  fl).     The  angle  between  normals 
—aRA—mR=4.'Jo20',  interfacial  136034'.      The  calculated  angle  for 
{—iK  A0ffi)=4GO34'  between  normals,  133© 26'  int«rfacial  (133° 24'  Dana) 
This  habit  of  cinnabar  has  been  observed  also  by  E.  Bertrand.    (3m 
note  p.  12.) 

CINNABAR  CRYSTALS  FROM  NEW  ALMADEN,   OAI^. 

Many  crystals  were  examined  which  were  found  on  specimens  from 
XewAlmadcii  mines.  Thesestontand  brilliant  crystals  usually  exhib- 
ited the  formsOW,-iR,—gi^,  ~2fi,i-ooK;  one  had  the  form +mB.  An 
angular  measurement  was  obtained, —mBA0i?=75O7'  (normals),  which 
corresponds  to  the  form  -~\*R.  This  form  has  not  been  given  by  Dana, 
and  by  us  was  observed  only  once. 

METACINNABARITE  FROM  KNOXVILLE,   CAL. 

The  inetaeiiinabarite  associated  with  the  needles  of  cinnabar  previ- 
ously described  occurs  in  seams  from  2  to  4"'"'  wide,  is  easily  detached 
and  but  slightly  contaminated  with  quartz  and  possibly  marcasite. 
Occasionally  smaU  noiAuXea  ot  mfe\aft\v\\i*j^-rv\»  wt*,  «e«.u  on  the  speci- 
mens and  appear  tobofoxmeAoi  cT'js>.Wi\ft'H\iv«iV\.\«*«KA^^^»j(&-^3OTs*. 
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fjMses  baffling  all  attempts  at  recognition  and  identification.  In  the  fol- 
lowing analysis  the  mercnry,  iron,  and  silica  were  determined,  and  the 
amount  of  sulphur  was  calculated  for  the  metals,  analysis  (I)  on  the 
assumption  that  iron  is  combined  as  FeS ;  (II),  that  FeS2  is  the  combi- 
nation: 


I. 

Percent 
9&48 
0.691 
0.707 

n. 

HffS 

HgS 

Percent. 
98.48 
0.942. 
0.707 

FeS 

FeS, 

SiOi 

SiO, 

99.878 

100.129 

In  order  to  ascertain  if  possible  in  which  state  of  combination  the 
iron  existed  in  the  sample,  two  experiments  were  made.  Grystals  of 
marcasite  were  taken  from  the  same  specimen  which  furnished  the 
sample  for  analysis,  and  the  fine  powder  was  boiled  with  dilute  hydro- 
chloric acid  (IHOl :  lOAq).  Appropriate  tests  gave  barely  a  trace  of 
snlphnreted  hydrogen.  On  the  other  hand  a  portion  of  the  sample  em- 
ployed for  analysis  yielded  an  abundance  of  this  gas  when  slightly 
heated  with  the  dilute  acid.  In  the  absence  of  other  sulphides  the 
conclusion  must  follow  that  the  iron  exists  wholly  or  in  part  in  the 
form  of  protosulphide. 

METACINNABASITE  FROM  OEBBO  OOBDO  MINE,  CAL. 

At  the  Oerro  Oordo  Mine,  11  miles  west  of  Panoche,  Fresno 
Oounty,  was  found  a  specimen  of  metacinnabarite  associated  with  chal- 
cedony and  crystallized  quartz.  The  quantity  collected  for  analysis 
Amounted  only  to  0.0159  grams,  and  this  sample  contained  a  small 
percentage  of  cinnabar.  95.62  per  cent.  HgS  was  obtained  on  analysis, 
the  residue,  4.38  per  cent,  consisted  of  quartz  and  a  little  iron  which  was 
undetermined. 


SULPHATES  PBOM  THE  BEDINaTON  QUIOKSILVEB  MINE,  KNOXVILLE, 

OAL. 

The  mass  of  the  rock  specimen  is  a  black  opal  which  is  much  fract- 
ured.   The  seams  contain  three  distinct  salts. 

(1)  Small  black  crystals  belonging  to  the  isometric  system  and  pre- 
senting the  forms  0  and  oo  0.  The  substance  is  a  double  sulphate  of 
iron  and  potassium,  an  alum  in  which  both  the  ferrous  and  the  ferric 
states  of  iron  occur. 

(2)  The  mass  is  fibrous,  often  so  fine  that  the  fibers  can  hardly  be 
distinguished  under  the  microscope ;  seldom  are  seen  massive  portions 
with  crystalline  structure.    The  color  is  pale  purple.    The  parallel- 
fibrous  aggregates   are   sometimes  white  witti  «iVV:s  VokjaKsst  "ajwS.  <^x^ 
purple  on  the  surface  perpendicular  to  t\\e>  Wact^.    \Sw^^^  ^i^^  ^s^sst'^ 
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Btope  tliey  arft  wiuikws  with  no  visible  crystftlUutt  form.  Tim  aystem 
of  cryatalliaatioii  is  probably  triclinifl,  ok  Bxtiiictions  parallel  to  tbe 
fllwtra  are  never  obtained.  Extinction  13°  to  38o.  Doiiblo  refractioo 
feeble.     Sjiecific  gra\'ity=  1 .761.     Soluble  io  water. 


I 


Cr,0, 7.bU 

Vti,(h o.ise 

FeO ^.579 

NiO l.OOI 

MnO ^ .....--,--*,♦,. ,..._-,......  trace. 

MpO 1.850 

RoHliiiiB a.  457 


The  atomic  mtio  in  therefore  R":  ft":  S'^':  Jl,=\:  ij :  23:  4J,Md 
the  ainiplest  symbol  9RO.  SRaOj.  3380i.  17lH,0.  A  iwrtiou  of  th!« 
large  amount  of  water  can  be  nccouDted  for  in  tbe  moisture  of  tlic  sam- 
ple. There  seems  to  be  a  possibility  of  an  isomorphous  mixture  of  Uif- 
forent  sulphates  in  this  substance,  but  a  mechanical  separation  of  tbe 
massive  from  tbe  fibrous  portions  was  qait©  out  of  question.  We  pro- 
pose for  this  mineral  the  name  Redingtonite. 

(3)  This  sulphate  coats  the  purple  salt  in  email  quantities.  Uniler 
thi'  inicrnwcope  it  is  found  to  consist  of  rhombic  tables  with  anfjles  of 
7.^°  and  lO'J^.  The  system  is  rhombic.  The  cleavape  is  excellent,  par- 
alh;l  to  OP.  and  good  parallel  to  <xl'  and  cc/'ob.  The  color  is  greenish 
yellow;  the  mineral  is  KOniewhat  dichroic;  tbe  color  being  most  intense 
when  the  sliort  diagonal  of  the  tables  is  parallel  to  the  principal  section 
of  the  nicols.  It  is  doubly  refract  iug.  The  tables  are  too  small  to  show 
the  emergence  of  the  optic  axis.  Tests  with  mica  plates  show,  how- 
ever, that  of  the  two  axes  of  ^-lasticity  lying  in  the  basal  plane  the  one 
parallel  to  the  brachydiugonal  is  the  larger.  This  also  agrees  with  eo- 
piiipite,  which  is  negative. 

The  folloiviu;;  analysis  was  made  with  0.1iS2  grams  material  which 
was  separated  Irom  associated  substances  as  well  as  imssible.  The  wa- 
ter above  lOO^C.  was  determined  by  difl'erence. 

H.Oi.t  111(1    C 9.296 

HjO  above  lUO'  C 17.  TiUfi 

MOj ■X>.9K> 

CT:<h T.409 

Ai;0-, 4.i«r. 


MfjO S.  'JIG 

UlhmVhc 1-735 


HiOatlOO^^U 37.0U3  ) 

11,0  above  100 'C H.;i4(i  ' 

SO, 36.352  I 

AbO) .MSli  1 
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The  atomic  ratio  is  K" :  li^*:  8^^:113=1^0:  i-  V^  ^-  From  its  optical 
and  some  of  its  chemical  characters  there  are  evidences  of  its  isomorph* 
ism  with  copiapite  from  Knoxviile,  a  mineral  hereafter  described, 
and  a  comparison  of  the  atomic  ratio  with  that  obtained  by  analysis  of 
the  latter  mineral  shows  rather  close  analogy.  This  sulphate  is  more 
basic  than  that,  and  its  composition  indicates  a  derivation  firom  other 
sources  than  persulphide  of  iron.  We  propose  for  this  mineral  the 
name  Knoxvillite. 

COPIAPITE  FROM  BBDINGTON  MINE,  KNOXVILLB. 

The  specimem  of  copiapite  consists  of  a  soft  mass  composed  of 
microscopic  scales  and  crystalline  particles,  the  color  of  which  is 
sulphur-yellow.  The  optical  properties  of  the  mineral  species  have 
been  described  by  E.  Bertrand^  and  this  specimen  confirms  his  descrip- 
tion in  all  important  points. 

The  mineral  is  rhombic,  and  the  microscopic  fragments  are  mainly 
cleavage  pieces  from  0.04  to  0.2"**"  in  diameter.  The  cleavage  is  perfect 
parallel  to  OP,  and  fairly  good  parallel  to  x  P.  The  angles  of  the  prism 
are  78^  and  102^.  The  plane  of  the  optic  axes  is  00  Pd6 .  The  second 
median  line  is  perpendicular  to  OP.  The  double  refraction  is  negative. 
The  pleochroism  is  quite  distinct,  especially  on  OP;  a  slightly  greenish- 
yellow,  b  nearly  colorless,  c  yellowish. 

Analysis. 

HaO 30.43 

SO3 39.97 

Fe^Oa 26.54 

FeO 0.46 

MnO 0.21 

MgO 3.06 

100.67 

Atomic  ratio  R"  :  R^* :  S^* :  Tl2=l :  0  :  IS  :  20,  corresponding  to  the 
formula 

RO.  2R2O3.  GSO3.  2OH2O. 


COPIAPITB  FROM  SULPHUR  BANK,  LAKE  COUNTY,  CALIFORNIA. 

In  the  surface  mines  of  the  quicksilver  deposits  at  Sulphur  Bank 
bright  red  cinnabar  is  associated  with  the  products  of  the  decomposi- 
tion of  marcasite.  Among  these  are  ferrous  sulphate,  a  white  silky 
sulphate  of  iron  and  alumina,  and  a  yellow  ferric  sulphate.  The  latter 
salt  was  studied  in  order  to  ascertain  how  closely  it  approached  the 


»  Groth's  Zeitschr.  fiir  Krystall.  u.  Miu.,  vol.  vi,  1882,  p.  296. 
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vopiapile  from  ICu»\villi'  in  it»  ciiaritotvri).  UiKter  tUo  microscope  it 
entirely  reiwmbled  this  mineral,  and  ttie  deBcription  above  giveu  fw 
copiapit«  auswors  for  this  lerric  sulphate.  The  followiog  analysis  whs 
made,  iu  wbich  the  water  above  100°  0.  was  detormmed  by  differencjB : 


I 


H.0 29.575 

BO» 38.830 

AI,Oi 0.371 

Fe»0, 38.798 

FoO   3.277 

HnO trace. 

CaO 0,255 

MgO 0.156 

Bealdue 0.754 

100.000 


The  atomic  ratio  is  E"  :  E"  :  a  :  Hi=l  :  10  :  30  :  33^,  corrosponding 
to  the  formula  ^KO .  SRjOa .  15SO  ^ :  50H,O. 

Since  all  these  sulpUateti,  with  the  ozueptiou  of  redingtoaite,  were  yet 
damp  when  taken  for  analysis,  the  moisture  wbich  wjis  thus  meohauic- 
ally  occluded  by  the  salts  can  uot  be  considered  in  the  discussion  of 
their  formulrE^.  The  atomic  ratios  calculated  for  the  anhydrous  salts  oa 
the  basis  of  100  per  cent,  are  tabulated  aw  follows : 


Porple  sulpliftte,  Budiugtonilu,  anki'droiH...  B"  :  K"  :  8'i=:0. 4i 

Green  siilpb ate,  Knosvillito,  anbydrons E"  ;  R"  :  S"  =  0.  40 

Ciipiftpite,  auhydrous R"  :  K"  ;  .S'i=0.a4 

Yellow  BOU,  Sulphur  Bauk,  auliydrotiH IE"  :  R"^  :  S'i  =  0.1C 


0.98:4.77 
l.fil  :3.7r 
1.42:4.27 


1   Purpl"  ™liiha(e.        Gr.>iMi  »iiliili.-ilP.  Coi>i»pilo.  Tollow  »Qlpha[p, 

ouliD OI!O.JlW)i.l9SO,  fiHO.BJi^,.liSO,,31!O.08,O,.17SO,   3KO,ei^O,,2JSO,| 

It  is  evident  that  the  yellow  ferric  sulphate  is  identical  with  the 
copiapite  from  Knosvillc,  because  the  ratio  of  the  atomicities  of  the 
total  base  to  SOa  U  practically  the  same ;  i.  e.,  in  copiapite,  21  :  17 ;  in 
the  yellow  salt,  20  :  lt%.  The  purple  salt  scarcely  belougs  to  this 
scheme,  because  it  proves  to  be  a  neutral  sulphate  according  to  its 
properties  as  well  as  by  the  atomic  ratio  first  given  in  the  descriptiun 
of  the  mineral  8i>ecies.  Its  rather  compact  state  does  not  admit  of  fiie 
occlusion  of  much  moisture.  The  other  sulphates  are  loose  iu  texture, 
and  a  fair  comparison  of  their  coui]>osition  can  be  attained  only  tbrougb 
the  above  scheme.  These  sulphates  are  then  basic  sulphates,  and  in  tlie 
anhydrous  state  are  closely  represented  by  the  formulae  in  the  above 
fable. 


'"iISSSklil'T  SILVER   ORES   AT   CALICO.  27 

STBOMBYEBITE    FBOH    CALICO,    SAN     BERNARDINO    COUNTY,     CALI- 
FORNIA. 

On  the  lower  levels  of  the  Silver  Kin j^  Mine  in  Oalico,  a  salphide  of 
copper  and  silver  was  foand,  which  by  the  following  analysis  proved  to 
be  stromeyerite: 

Ak 53.964  which  reqaires  a 018  S  as  AgsS 

Ca 28. 575  which  requires  7. 223  S  OB  Ca«S 

Fe 0.264  

S 15.512  15. 241  theoretical  S. 

Residae L552 

99.867 
Theory  requires  for  AgtS  .  CusS.. .  Ag  =  53. 064 

Cu=  3L148 
S   =   15.768 

100.000 

The  residae  was  mostly  barite  with  a  very  little  quartz.  Oomparison 
with  the  analyses  of  this  mineral  species  which  Dana^  has  tabulated, 
shows  that  the  specimen  under  examination  differs  greatly,  in  composi- 
tion, from  those  from  Arizona,  while  it  more  nearly  approaches  speci- 
mens from  localities  in  Siberia  and  Silesia.  The  analyses  of  stromey- 
erite from  Arizona  show  a  variation  in  silver  from  7.42  to  14.05  per  cent; 
in  copper  from  72.73  to  64.02  per  cent 

The  specific  gravity  of  our  specimen,  6.28,  was  found  to  be  the  same 
as  that  given  by  Dana  for  the  mineral  species.  The  mineral  is  dark- 
steel  gray  on  fresh  firacture,  but  tarnishes  somewhat  on  exposure.  It 
is  associated  with  barite,  malachite,  and  contains  widely  separated  and 
minute  areas  of  a  brown  oxide  of  manganese.'  Other  minerals  found 
in  the  same  mining  region  are  as  follows: 

Oerargyrite  (horn-silver)  as  brown  coatings ;  embolite  (chloro-bromide 
of  silver)  greenish-yellow  coatings,  and  crystalline  aggregates,  combi- 
nations of  0,  00  0  GO ,  and  oo  0;  chalcopyrite;  chrysocoUa,  usually  micro- 
scopic; malachite;  cerussite;  pyrolusite;  barite,  massive  and  tabular 
crystals;  calcite. 

CHBOMIFEBOUS  CHLORITE— EOTSCHTJBEITE.^ 

The  great  serpentine  belt  crossing  the  I^orth  Fork  of  the  American 
River  above  Dutch  Flat  contains  several  deposits  of  chromite,  some  of 
which  are  worked  on  a  small  scale.  While  examining  the  ore  from  one 
of  these  occurrences — Green  Valley,  in  the  cafton  of  the  American  Kiver, 
below  Towle's  on  the  Gentral  Pacific  Railroad — coatings  of  a  micaceous 

*  A  System  of  Miaeralogyt  by  J.  D.  Dana,  ed.  of  1883,  p.  54. 

*  W.  Lindgren :  Trans.  Am.  Inst.  Mid.  EDgineers,  Feb.,  1887. 

'This  article  and  those  following  have  already  appeared  in  print,  having  been 
published  in  the  Proceedings  of  the  California  Academy  of  Bc\«\SL^«^<,'^^^.^>S^^^^^^^ 
under  the  title,  "Contributions  to  the  MmexaYoKj  oi  \.\i^  YwR\^^^^^^»r  ^^  ^^^'^- 
msr  Undgren,  U,  8,  Geol.  Survey. 
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idliivml  ol  a  bcaiiMI'ui  luMiclt-lilossuni  unlor,  U>);ittlier  witb  smaller  picf»8 
of  tbo  Kainu  iiiiuunil,  were  foiiud  in  the  iiiussivc  state.  Tbc  substance 
proved  to  be  a  chlorit'?,  and  i»  most  cIosBly  allie<l  tu  tliat  variety  of 
clinoclilore  to  wliicli  Rokscbai-uw- '  gave  tlie  uame  kotsclinbeite.  With  » 
ma^aifj'ing  glass  the  uiicaceoas  coatings  are  seen  to  be  coiupo»ed  of 
thin  hexagoual  tables  from  0.2"""  diatneti^r  down  to  the  smallest  diiuen- 
sioas,  often  roughly  arranged  in  rosette  form  and  in  smaller  flbrous 
mosses,  the  latter  being  mixed  with  miaut«  grains  of  uwarowite  ami 
chromite.  The  crystals  cleave  perfectly  parallel  to  the  hexagoual  sec- 
tion, and  appear  to  consist  nf  a  basal  plane  and  rhombohedrons,  one  of 
which  presents  small  stri;ited  faces.  No  accurate  measurcmeDts  could 
be  obtained  by  means  of  the  goniometer,  or  the  micrometer  and  micro- 
meter screw. 

Under  the  microscope  the  tables,  when  resting  on  their  bases,  are  pale 
pnrplo  and  transparenl.,  aud  between  crossed  nicols  tlie  crystAls  prove 
to  be  double-refr*f.tiug  iiud  biaxial.  The  tables,  apparently  strictly 
hexagonal,  are  twinned  monocliiiic  crystals,  the  most  regular  forma 
being  usually  divided  into  six  sectors  with  a  common  apex  in  the  center 
and  with  their  axes  of  elasticity  in  different  position.  The  colors  of 
interference  are  low  on  the  base,  not  exceeding  the  grays  of  the  Smt 
order;  those  of  the  fibrous  aggregates  are  more  Tivid,  more  so  in  fact 
than  is  nsnal  with  the  chlorites. 

In  convergent  light  the  plane  of  the  optic  axes  is  found  in  eaeb 
sector  to  be  paniUol  to  its  base ;  angle  of  the  optio  axes  qnlt«  lai^, 
probably  about  30^,  Double  refraction  positive.  The  (character  of  the 
dispersion  can  not  be  well  observed  on  account  of  the  small  size  of  the 
crystals. 

The  acute  bisectrix  stands  nenrly  normal  to  the  base  OP,  and  the 
extinction  of  tin-  fibers  is  cons eipicntly  (jnite  small.  Pleochroism 
distinct:  ^and  b  purplish,  c  (vil)ratiug  perpendicularly  to  OP)  yellowish 
red. 

Streak  of  the  mineral,  white;  bister  of  cleavage  face,  somewhat  pearly. 
ff=2.     a  (nia.ssive  variety)=li.fifl. 

Before  the  bIow-pi])e  the  mineral  becomes  greenish  white,  and  is 
fusible  on  the  ed;,'es  with  j^Tciit  difiiculty.  With  tluxes  strong  chrominni 
reactions. 

In  the  following  analysis  the  sample  was  quite  free  from  associated 
chromitt*  mid  nwarowjte.  in  order  to  facilitate  com]>arison  two  analyses 
follow,  one  from  Dana's  Mineralogy,  an  analysis  of  kiimmererite;  the 
other  an  an;ilysis  of  kotschnbeite  by  von  fjeuch  ten  berg. 

'  Bull.  Acad..  St.  I'utersburj;,  It^Ol,  p.  aft). 
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COMPARISONS    OF   CIILORITES. 


Losa  at  105^  C. 
Loss  abovo  105<^  C. 

Cr,0, 
AljOa 

FeO 
NiO 
CaO 
MgO 


Kiiramererito, 
Texas,  Pa. 

Kotscliubeitc, 
Ural. 

0. 3G5  i 

13.20 

12.63 

31.  740 

31.31 

32.67 

11.392 

2.98 

4.00 

6.741 

12.84 

13.18 
2.22 

1.231 

2.46 

0.487 

0.45 

0.183 

0.82 

35. 178 

35. 02 
99.08 

35.65 

99.995 

100.44 

The  two  forms  of  chlorite,  penninite  aud  cliiiochlore  (ripidol 
according  to  Eammelsberg,  sabstantially  the  same  compos 
differ  only  in  their  crystallization,  penninite  being  hexag 
clinochlore,  monoclinic.  Both  have  varieties  rich  in  chroii 
corresponding  to  penninite  being  kiimmererite  from  the  Ural 
well-known  locality,  Texas,  Pa.  It  has  been  proved  to  be  ur 
Des  Cloizeaux  *  and  J.  P.  Oooke.^  Various  authors  have  also  d 
it  as  rhodophyllite,  chromchlorite,  rhodochrom.  The  chr 
variety  of  clinochlore,  kotschubeite,  from  the  Urals,  has  been 
by  Nicholas  von  Leuchtenberg,^  but  has  not  been  noticed  from 
locality,  and  its  occurrence  in  California  is  therefore  not  withou 

Von  Leuchtenberg  arrives  at  the  conclusion  that  kotschu 
variety  of  clinochlore,  but  differs  from  it  in  the  inclination  of 
bisectrix  to  the  normal  of  the  base;  while  this  value  amounts 
16®  in  clinochlore,  it  has  been  measured  to  1^  to  2°  in  kotschub 
same  writer's  description  applies  equally  to  the  California  sp 
to  the  optical  characters,  but  the  crystal  form  differs.  Th< 
from  the  Ural  had  the  form  of  hexagonal  pyramids,  and  was  a 
composed  of  simple  crystals,  while  that  here  described  occi 
tables  composed  of  three  individuals,  and  twinned  accordir 
well  known  law  of  clinochlore,  so  as  to  appear  as  hexagonal 
In  the  position  of  the  optical  axis  the  crystals  most  resembl 
clinochlore  from  Texas,  Pa.,  described  by  Cooke. 

A  further  and  notable  difference  from  Kokscharow's  koti 
and,  indeed,  from  any  known  chromiferous  chlorite,  is  in  the 
percentage  of  Cr203 ;  v.  Leuchtenberg  found  4.09  per  cent, 
highest  amount  of  Cr203  in  kiimmererite  is  5.50  per  cent.  Th 
of  the  California  mineral  shows  more  than  twice  that  am 
11.392  per  cent  CraOs,  replacing  AI2O3,  but  in  other  respects 
well  with  those  of  kiimmererite  and  kotschubeite  above*. 


*  Mineralogie,  vol.  1. 

2  Am.  Jour.  Sci.,  2d  oeriee,  vol.  44,  p.  201. 

^Bulh  Acad.  Imp.  Sci.,  St.  Pelersbwrg,  ^o\.\\\>«^i,^.*^^' 


MINERAI^OGV    OK   THE    PACIFIC   COAST.  |biiu.«. 

In  the  collectiou  of  the  Culiforuia  State  Miueralogical  Museum  there 
is  one  Bpecimen  of  chromite  from  a  locality  near  Jacksou,  Amador 
Oouuty,  covered  wjtii  a  thin  voat  of  masuive,  peach  blossom  colored 
chlorite.  Whether  it  is  kammererite  or  kotscliubeite  is  difficult  U> 
decide. 

DWAEOWITB. 

Together  with  the  kotscliubeit'e,  mixed  with  it  as  small  grains  or 
liuiug  smalt  liHtiures  iu  chromite  as  almoHt  microscopic  crystals  with 
brilliant  faces,  there  occurs  a  deep  omerald-greeu  garnet.  Under  the 
microscope  the  crystals  prove  to  be  almost  perfect  dodecahedrous; 
with  Huses,  strong  chromium  reaction.  H.  above  6.  Refraction  very 
strong.  Between  crossed  uicols  some  grains  are  isotropic,  but  the 
largest  number  are  faintly  double- refracting,  some  of  these  showing  aa 
approximate  division  into  sectors.  Garnets,  as  well  known,  often  pre- 
sent abnormal  phenomena  of  double  refraction,  and,  according  to  BoBen- 
bnsch,'  uwarowite  always  shows  these  optical  anomalies.  Cwarowite 
is  known  to  occur  on  chromite  from  Sew  Idria,  California. 

A  green  chromium  mineral,  also  on  chromit«,  from  the  vicinity  of 
Livermore,  California,  proved  to  be  uwarowite  in  microcryataltine  form, 
and  not  trautwtnite  as  supposed. 

Trautwinite'  is  associated  with  chromite  from  Monterey  County.  In 
chemical  composition  it  approaches  uwarowite,  but  differs,  according  ti) 
Goldsmith,  in  crystal  form,  since  it  is  hexagonal ;  it  is,  moreover,  very 
soft,  while  uwarowite  has  ii  hardness  approaching  7, 

SCORODITB. 

At  Steamboat  Springs,  Nevada,  metalliferous  veins  occur  with  arseno- 
pyrite  among  other  minerals  iu  the  metamorphic  series.  In  cavities 
and  cracks  of  this  mineral  coatings  of  a  leek-green  scorodite  are  found, 
which  under  the  microscope  often  show  ptirfect  crystals  with  the  nsnal 
combination  of  pyramid  and  piuacoids  illlj,  jC10|,  {100(.  Refraction 
and  double  refraction  very  strong.  This  mineral  has  recently  been 
found  by  A.  H.  Chester  at  the  Hornsilver  Mine,  Utah,^  and  as  deposit 
fit>m  arsenical  thermal  waters  iu  the  Yellowstone  Park  by  Mr.  A.  Hagoe,' 
of  the  U.  S.  Geological  Survey. 

I  MicroakopJBcho  Phyaiojirapbio  dur  MitioMlimi,  M  cJ.,  18*i,  p.  •2&J. 
-  E.  GoldNiiiitli :  Proc.  Acft<I.  Sci. ,  Pliila.,  Id7a,  pp.  9,  348,  305. 
'Am.  Jour.  Soi.,  vol.  ;i:{,  1887,  p.  iMO. 
'Ibid.,  vol.34,  1887,  p.  171. 


NOTE. 


Since  the  foregoing  was  written,  cinnabar  crystals  from  the  Avala 
Mountains,  Servia,  have  been  described  by  A.  Schmidt,  in  Foldtani 
Kozlony,  xvii,  551-555, 1887,  and  in  Zeitschr.  f.  Kryst.  Bd.  xiii,  433-449, 
1888,  and  an  extract  from  tlie  paper  appeared  in  Neues  Jahrb.  f.  Mine- 
ralogie,  B4. 1, 45, 1889.  This  admirable  treatise  contains  an  exhaustive 
description  of  complex  crystals,  upon  which  trapezohe<lraI  planes  were 
observed,  much  like  those  on  the  crystals  from  !N'ew  Idria.  The  Servian 
material  was  much  more  perfbct,  with  larger  individual  forms  than  ours, 
thus  admitting  of  angular  measurements  which  we  found  impossible  to 
make.  The  dominant  forms,  viz,  the  basal  plane  and  rhombohedrons, 
are  the  same  from  the  two  localities,  while  among  the  trapezohedrons 

6  pi  I 

only  one  which  we  observed,  +r^  .  ^  ,  approximates  one  of  Schmidt^s, 

4 

4  pa 

-fri-^-I.   As  a  rule  we  found  far  more  complex  forms,  and,  as  the  table 

on  page  19  indicates,  a  slight  deviation  of  angle  makes  considerable  dif- 
ference in  the  symbol.  The  reentering  angles  and  tectonic  faces  ap- 
parently suggested  many  more  trapezohedron  planes  than  are  recorded, 
but  with  objectives  of  very  high  power  these  planes  were  proved  to  be 
parallel  to  others  whose  symbols  were  established.  In  all  about  twelve 
different  trapezohedrons  were  fully  identified.  In  general,  then,  the 
habits  of  the  cinnabar  crystals  from  New  Idria  and  Servia  should  be 
considered  identical. 
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PLATE  I. 
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Fia.  1.  Cinnalmr  crystnl,  analogne  polo. 

5.  CinoabnT  crystal,  antilogiie  pole, 

3.  Cinnaliar  Di^atnl. 

4.  Ciiioabar  crystnl  with  rnenla'aDt  at 
Ti.  CryNtol  wit.li  gas  iiitln* 

6.  Cinnabar  crjatal. 


PLATE  II. 


J? 


Fic  7.  Ciunnbar  cryHtal,  uialogue  pale. 

8.  CinoabaT  crystal  iritli  KeDtrant  ant;le,  kDtilo^e  pol*. 

9.  Cinnabar  crysUla,  with  iiicltiB 

10.  ClDiiftbBT  cr;st>l,  utialogne  pole. 

11.  Ciunsbor  orystitl,  antiluKuo  pole. 


PLATE  HI. 
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Fro.  IS.  SobtDdlTidoal  on  teotonio  face. 

1.1,  ITlnstratimi  -if  <ipHva(i<m  of  tctartiilirrlral  foniiH. 
14.  Sectinn  lines  of  totartubudral  forma  iif  crystalH  I 
pln.ie. 


il  2,  PlatP  T.  with  bawl 
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